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PREFACE 

Thb May in issuing the second part ot tojMogk is i^grettea. 

This has been caused by the very intridile nature of the work, on which only dra«g^^ 
men of the highest qualifications could be employed. The delay is also partiy jiuestd somb 
of the importsmt systems not being sufficiently advanced for publication. 

This, with the grwt accumulation of interesting matter on large multi-office systems, 
h^ made it necessary to issue the remaining matter in two volumes, ft is h«ped,that 
Vdm in. will follow Vol. H. with only a very brief inte^al. • * 

One firm uses an arrangement of diagrams eMntially different from all the others.. 
In Vol. I. these were converted to the generaUy'accepted form. This lias not found favour. 
In the case of diagrams, Pigs. 86 to 90, both forms are shown on the same shget, so that 
readers can form their own opinion regarding their respective merits. *In one of two oases 
no oenversion has been made. “ Bus-routing” of cirfluits is appl|oable in«both cases. 

The author desires to express his indebtedness and than^ V) Col. T. Purves, 
O.B.E., M.I.E.E., Engineer-in^Chief, G.P.O., and the officials of theifiifi^nt <;^mpajiies 
whose work is described, for valuable assistance rendered. 

Lomsok, June 1923. 

W. AITKEN. 





^ttTLIP5E OF CONTEI^Tf Of’A^lItMES 1 AND III. 


VOLUME-1. 

The SsfAW of the ILet.— 8 oq;»% definitioiu—prmciiXeB^ 
Jinx, Imh0Xh:I S^^ebs.—^T glepho]^ instrumenta. 


St^woEB System (A. T. M. Co.: A. E. Co.). —Switohing apparatus—^iinger and rotary lin^ cAitobes 
—Vertical and rotary* selectors a^ oanneotois, and their oirooita—Rotary «>nneotbra, 
repeaters, trunk oftefflig, apjiaratus anj oirouite—^Testing apparatus. ■ 

t Siemens’ system—Rotary line svitohe^Y^'*’*°H Rotary selectors and oonneetors—> 
Discriminators—Fault and group ala^riE^,^>Ating, trunK offering, apparatus and circuits. 


Maohise-switohino Systems (W. £. Co.).—Rotary switches—Continuous drive—Isn^ findars— 
200-line selectors—Sequence switches—^Registers—^Apparatus and circuits—^Rdirerilve impulse 
control—A 100,000-line Rotary system—L^p call-mdiostor t^tem. 

Panel system — SOO-line switches, construction smd circuits—Horizontal-type sequence 
switch—Line-flnders—Metering, Lorimer system—^Apparatus and circuits. 


^MEBICAN AUTOMATIO TEEEFHOHE Co.’S SYSTEM. 


Relay System.— Apparatus and oirouite. 


CovBimiY Atttomatio Telephone System.— Apparati^ Mid circuits. 
Standakd Terms and Definitions. 


volOme Ilf. 

Automatic Systems in Laboe Multi-Office Areas.— Increasing the capacity of standard switdbeM-, 
Switches with a plurality of sots of wipers—^Tho Director system (A. Co.)—^A^tess tq large 

groups of trunks by standard switches—Secondary line switches in trunib, with repeaters— - 
The panel system, with SOO-line switches (W. K. Co.)—^The Swedish Bricssoa Company’s systenjk 
with rotary and radial SOO-line switches. 

» 

Semiautomatic Systems. —Working between manual and automatic offices (A. T. M. Co.)— ^FuU auto- 
^*matic wRh conteol from a manual board (Siemens)—Junctions between manual and autdfaiafic 
offices—Ke^oaDd seaders—Call-indicator systems—Rotary-switch system (W. E. Co.^ 
Paael, SOO-line switch system (W. E. Co.)—Central Control in Semi-a«t«matio«ystems—^A um* 
manual system (C. A. T. Go.)—Traffic-distributor system (Siemens)—lhe*Christenaen auto¬ 
matic distributor—Unattended offices—Order-wire working. 

Metering or Rbgisterino Telephone Calls. —^By reversed Sattery —^By increase of currant — ^Zone 
metering—Telephone unit—Cumulative metering. 

Thunk or Toll WoBxiNa.—Operating toll Udm without o^lSrators ^A, T. MT 00.)—fii^-Ti^ueney 

ringing—Phantom or superimxios^ working. 

» 

Wiring SoHEMBa.—Multipling—Distributing and slipping—Overflow switiflies. Layout and wiring. 

potFER Plant. 

Thaffio. 

MiaoEtftsNiioua SYgxinui—^ Eticsaon ai^omatio system, usum oords and plugs—^Rptary 
and radial Bwilobes with horizojtidly wirM baiiks—^By-path systems, ato., etc. 







LIST OF SECTlONSr 



•aoib 


1 Eflbipmeat in SubsoriBers' pfi^es 

’B1_1._ : _T_j.__x ’ 


« 

4 


7 

8 
8 

10 

11 


lonmeotors 


(Post Office F.B.X, 


Extension Instruraents.^' Wall Sockets and Plugs 
„ Simplg Extensions . . . .« 

„ Ex^n^on L(pe with Intermediate Switch • 

„ „ Coin Boxes. On Direct and Party Lines 
,, „ Post Office Circuits . . ' f 

„ „ Circuit with Pone Signal 

„ Sub-station Call Meter .... 

Party-Line Workk^ . . ■ , 

„ JPrequency Selecting CJonneotor Circuit (A. T. M. Co.) 

„ Diaoriminating tgr ^e Selector (A. T. M. Co.) 

„ Frequency Selector (A. T. M. Co.) . 

* „ Reverting Call Switch (A. T. M. Co.) 

*•» „ (W.E.Co.) . 

„ Lines multipled over a Plurality of Groups of O 
„ Lock-out and Re-ringing Circuit 
„ Selective signalling 
Sc^ Swdtchboa^. Up to 25 Lines. 

n „ 26 to 60 Lines „ „ 

n „ 10-line Cordless „ „ 

Branch and other Small Offices. Typical Arrangpments 
„ British Post Office and Traffic Facilities . 

Automatic District Offices in a Manual System 
Main cmd District Office Alarm Apparatus 
Branch Offices. Full and RestriotM Servic% . 

„ With Direct and Party Lines .... 

> „ Local Connections without utilising Trunk to Central 
„ „ Another circuit ..... 

If If 11 with Rotary Switch 

Qpnnector operated from Selector or Toll Operator 
„ Access to 4*Qeoupj)f Trmiks on a Plurality of Levels (A. T. M. Co.) 

„ (Finai^Selectors for Indindual Lines and small P.B.X.’s and for large 
a- ” on a Plurality of Levels (Siemens) 

„ A Small All-relay Office (A. T. M. Co.) 

Plivate Automatic Installations in Works and the like 
„ A. T. M. Co.’s P.A.X. System.... 

• » f> Switches. Conne^r Circuit . 

” s” a ” Circuit .... 

,r I, „ 2-wdre Repeater .... 

It » and Manual Service . * . 

,1 „ Special Services ..... 

.. >, Code Calling .... 

** ff *f using Selector Levels 

ti If A modified Code-Calling Circuit 

,, „ Miscellaneous Ser^usee. ^Watchmen’s. 

Double MumbeHPiok-up . 

» Siemens Autophone Sjptem. 100 lines 
. II 4 II I. • II ,8001inee«. a 

»» •« PoWef and AUnn Circuite . . • ^ 


Fiiy, 


Alarm. Interception. 


Grqu: 

• • ' 


ps of 


Trunks 


' 1 

1 

•u 

16 
. 18 
21 
22 
27 
27 
20 
.31 
• 82 
34 
*37 
■88 
40 
40 
62 
66 
60 
66 
68 
71 
<78 

76 

77 

• 81i 

83 

^6 

88 

92 

86 


Secretary. 


101 
104 
I '107 
• 408 
.•111 
. 116 
118 
122 
124 


126 

181 

188 

186 















ttjl 





AutcnMtic InjrtftUAtioui in Worta ted the like. 

„ <IfliO-lfiie Bel*y4ink System (R. A.JP. Cto.) _ 

„ reMeot-O-phone Sy«t««n. Fetti|a«w A^omnmn 
„ A CSeouit <5f &e Btevefls’ Syste™ i •• 

a „ • Couoh Systran. Pt. Tele, end Eleo.XJo.. . 

Village Automatio Rfohange (Siemens) 

„«c Connector . 

„ Junction workudg . 

« „ Common Apparatus 
„ Routine Teeter 
*^66 ■> Power Plant . ' . » ^ • 

Community Exohange8.(. Objects and Advantages (A. T. M. co.f 
Types to meet Different Requirements' 

Connector . . _ • • * 

Automatic Voltage Regulation a 

Circuits for various Services . _ . •* 


'' 'liL> 


47 

48 
4S 


6S 

88 


68 

89 

60c 

«L 


C” 


A. E 


v 



StrpMJBatBST TO VOL. I 


82 Bntistf Post Office Dial No. 8 ...... 

68 Now Design of Wall and Table Telephone (A. T. M. Co., A. E. Co.) 

64 » with H.M.T. (Siemens). 

68 An Impulse Equidising Device (A. T. M. Co.) . 

66 c Pevice to repeat Impulses to Switches (Laidlaw) 

67 Aib Impulse Convertor (^. A. T. 0>.) ..... 


• ^ • 

• 

. Wl' 

• 

• 

• • 

. 172 



. 181 

^ • 


. 184 

Co.). 

►. * 

. 187 


•. 188 



. 192 


. • 

. 168 

• 

• 

•• • 

. 203 

e 



. 209 
. 213 

• o . 


. 213 
. 219 
. 222 



.‘^226 

o* 



















UST OF ILLUSTftATidNS 


EsteiLo. \MA A4UJIO TWA'AJUAK*^ V 

„ Wall Sockets aadl’lug^A. T. M. Co.) . • . 

,, (Siemens) . * . i. , . 

.. • V (W. E;, Co.).. . 

„ Simple Extension (A. T. M. Co.) . . . . 

„ Table Instrument Circuit (A. T. M. Co.).... 

(, Main Instrument with two extensions (Siemens) 

„ „ Wall Instrument (Siemens). 

,, „ Table Instrument (Siemens) ..... 

„ „ Secrecy Switch (Siemens) ..... 

„ Main In8trumei),t and simple extension. Table Instrument (W 
I, „ and two extensions (W. E. Co.) .... 

* .(W.E. Co.)., . 

*• „ A 4-way Switch. 

„ Intermediate Switching Set (A. T. M. Co.) . • . 

„ A Battery Indicator (Drum Type) (A. T. M. Co.) 

„ Post Office Circuit of Beil-set No. 4, with ^-position Switch 
» >1 „ with 4-position Switch . . • . 

„ Explanatory Cirouit of above. 

Coin Box— 

„ Explanatory Circuits (A. T. M. Co.) ■ , • • 

„ Wall Instrument (A. T. M. Co.) . . . «. 

„ Table Instrument (A. T. M. Co.) . * . 

„ With Tone Signal (A. T. M. Co.). 

Sub-station Call-meter— ^ 

„ Wall Instrument (A. T. M. Co.). 

• . „ Table Instrument (A. T. M. Co.) ..... 
Party Lines— 

„ Frequency Selecting Connector (A. T. M. Co.) 

■ • Pisudminating by Selector (A. T. M. Co.) 

„ Frequenc:f^alectqT (A. T. M. Co.). 

Keverting Call Switch C^. T. M. Co.) .... 

a „'(W.E. Co.).„ . 

„ P.O. Cirouit for two parties ...... 

„ Look-out and re-ringing (A. T. M. Co.) .... 

,. Slow-acting alternating and D.C. relay (W. E. Co.) . *. 

„ 4-party Selective ringing Cirouit (W. E. Ck).) . 

„ ^w-frequenoy Listrument Circniit (Leioh) 

„ mgh Frequency Instrument CSrouit (Leioh) . . • •• 

„ Harmonic fUnger (Dean) . . * . 

» „ Details (Dean) ....... 

„ „ Circnit (Dean). 

„ „ Converter (Dean). 

„ Frequency Meter (Hartmann-^empf). Detail of Eleotro-magni 


Detail of Electro 
Detail of B^pd 


E. Co.) 


Sub-station Switchboards—s 
•ii to 26 Lines Capacity (Po^ Office) 
» So to 60 LuAb oapaoi!^ (Post Office) 


•magnet 

I’ron^Vh 




















44 

44 

4« 

47 

40 


Svb-Aatioii Siritohboyd»— 

„ A Dr6p IndtoAMr . , 'e- 

„ *Aii Eyeball InHifiatortW. E. Co,) . . • . *• 

„ 6S>liim oabaaty (Pc«t%)ffibe) . ° . 

„ CordleM with Kegative dearing SigiUU^Poat Office) 

„ „ Positive Cj^caring Signals (Post Office) 

Brai{(h and other Sub'Offioee—c . '■ 

„ An Exchuige S^tem with Satellites 
^ „ Typical Branch and other cnual Offices .c . . c t- 

„ „ Manual Working . '> ■ 

„ Small Central and Mixed Services (Community) . c 
„ A District Stationcthrough to a Mailual Office. Circuit*'’. 
r „ Manual through to a District Station. ^Circuit 
Transfer working of District Station. * Circuit 
Unattended District Office Trunking (ArT. M. Co.). 
Branch Office Supervision at Main Office (A. T. M. Co.) 
Branch Office with ServiceTKscriiniiiation (A. T. M. Co.) 




With Direct and Party Lines. 
Multi-office System. Lay out 
System with Switcliing-i^peaters. 


300-line Connector (A. T. M. Co, 


•) 


tut 

44 

46 

66 «. 

46a 

47 

48 
69 
60 
61 
62 
63 

84 c ... .. . _ 

66 A'P.B.X. Connector accessible to Selectors and Operators (A. T. M. Co.) 

66 ^ A Branch Office 1-digit Connector, gi'Wng access to Large Groups (A. T. M, 

67 A Branch OfficSe (Fin^ Selector) Connector (Siemens) 

68 ‘ „ Fo^ Individ^ull Lines and Small Groups^ of Trunks (Siemens) 

69 „ For Large Groups on a Plurality of Levels (Siemens) 

70 P.A.X. An .^-relay Small Office Ciretait (A. T. M. Co.) . 

71 P.A.^. (Private,Auto. Exchange) lOO-lines (A. T. M. Co.) 

72 „ Connector Circuit (A. T. M. Co.) ..... 

73 „ Sfleotor Circuit (A. T. M. Co-l • c- 

74 B.A.X. (Branch AutoAExchangfi^2-wire Repeater (A. T. M. Co.) 

76 „ , Manual Worfang (A. T. M. Co.) ..... 

76a , 5 « S, Cord Circuits (A. T. M. Co.) ..... 

P.AvX. an4B.A^. 


Satellite Office . 
Main Office 

Local Coimections without utilising Trunks to Central 
„ Alternative Method ..... 
.using a Rotary Switch 


76 

76a 

£77s 


78 

»• 

781 


• 80 

>» 

*£ 81 

ft 

82 

tt 

« 83 

at 

84 

i 

86 

P!a 

86. 

w 

ft 

87 

c 

ttt 

88* 


89 

* » 

90 

99 

91 

.99 

92 

99 

93 

99 

93a 

99 

44 

S9 

96 

. 99 

96 

99 

96 

99 


Special Services. Conference Circuit. 46 Volt (A. T. M. Co.) 
„ 12 Volt (A. T. M. Co.) . 

„ S, Alternative (A. T. M. Co.) 

„ Code Call (A. T. M. Co.) . 

„ „ Using Selector Levd . 

„ „ A modification . 

„ Watchman’s (A. T. M. Co.) . 

Fira‘Alarm(A.T. M. Co.) . 

„ Secretary’s (A. T. M. Co.) 

„ Double-number Pick-up (A. T. M. Co.) 

X. £lOO-lineB. Siemens Autophone No. 2. Circuit 
j ,, t „ Key diagram .... 

Discriminator for 200 Lines. 


o 

c. 


Siemens Autophone No. 2. Circuit 
Siemenf Autophone No. 2 . 


c, „ Key Diagxkm .»• 

Control and Alam CirouitB. 

„ Key IMagram 
Power Cirauits. Siemens Autophone No. 2 . 

IQO. line No. 2 Autophone (Siemens). General view 

Dynamptox for above. g 

Dynamotoitfor Village Exchai^ .... 
BO-lineffielay SysfiJ^p I^-out (B. A^. Co.) . 

60 -line Belay System C^uR (B. A. T. CoA . 

* „ Manual working with miun Office (Iff A. T. CoJ 
„ ’TrunkCoC.B. Office (B. A. T?C 6 .) 


Co.) 


*• 


'"'0 


Folder, facing 


e 

60> 

61 

66 

64 

68 

69 

70 

71 

72 
.73 

77 
77 
79 
82 
84 
r>86 
o* 89 

93 

94 
94 
97 
99 

104 

107 

109 

111 

112 

116 

415 

116 

119 

128 

126 

127 

128 
129 
129 


Folder, facing 


Folder./aeing 

• 4 ” • 


13l 


136 

136 
187 

137 
142 
146 
146 
146 




















10«|k. 

ImA 

m 

m 

loe 

W7 

108 

109 

110 
111 
112 
113* 
Ilf 
116 
116 

117 

118 
119 
120^ 

121a 

121b 

821c 

121d 

122 

123 
123a 

124 


iQ-PhoiMB Cit^t (Pstfigrew A Mmtimaa) . 

Siii»l•naogemeafc . 

' A Stevans* pircuit * •* * * ' 

lOO-pSint 1^. Couch System (Pr. Tele.aaaa Elec. Co.) . 

* Selector, front ^ew. Couch Svstem (Pr. Tele, and Elec. Co.) 
„ rear vieaf. CShioh Systw (Fr. Tele, and Elec. Co*). 
Inatrunjirt. Couch System (Pr. Tele, and El|c. Co.) 



Vtliage Xutomatio fixcbange ^Siemens)— a ^ • * 

„ 50-lin* Back. Front . . *.In 

a 

. 162 


Rear ‘ 


Connedtor (Final Selector^ Circuit 
Bothway C.B. Junction , . . . ■■ . 

„ C.B.S. Junctio;^ •. . . . * . 

^ „ • Magneto Junction. Without Supervision 
•*, „ iWith Supervision « 

„ To Trunk Office . ... 

Party-line Working (Siemens) 

Common Apparatus Circuit (Siemens) 


Folder, facing 


- 106 
. A66 
. 167 

. 168 
. • 169 
Folder,/ac»^> 176 


Jimction Alarm Circuit (Siemens) ........ f . 178 

Routine Testing Circuit (Siemens). . . . * . . . . 181 

Power Circuit (Siemens) ........ Folder,/octny 186 

Petrol-electric ttenerator (Siemens) ......... 184 

Power Board. Front and Rear (Siemens) . . elSb 

C.A.X. Community Automatic Exchange (A. T. M. Co.' 

• „ Isolated Office Lay-out 
„ Tandem Office Lay-out 
„ Radial Type Lay-out . 

„ Network Type Lay-out 
„ Connector CSrouit 
„ Automatic Voltage Regulation 
„ Dynamotor 
„ Typical Circuits . 


Folder, /gctnp 


J90 

160 

194 

190 

196 

198 

199 


Fglders/actnp 206 


Supplement to Vol. I. 


125 P.O. Standard Dial No 


126, 

„ Interior 

127 

f* »• 

128 

„ Section 

11^ 

% Ports . 

130 

„ Impulse 

131 

New Design Wall! 

432 

,,,• Details 


8. Front View. 


133 

134 

135 

136 
U7 
138 
189 
140 


, A. E, 


Co.) 


,, Details ...... 

New Design of Wall Telephone with H.M.T. (Siemens) 
New Design of Table Telephone with H.M.T. (Siemens) 
Circuit for above ....... 

An IrUpulsdEqualising Device. Circuit (A. T. M, Co.) 
Condenser Device to ^peat Impulses. Circuit (Isiidlaw) 
An Impulse Converter. Circuit (R. A. T. Co.) 




209 

209 

210 
■210 

211 

212 

213 

214 
214 

214 

215 
. 216 
•217 
^20 

.222 

225 










































EXTENSION LINE WORKING 

LINES WITH METERS A*ND COIN-BOXES 





Section :1 

’ EQUIPMENT IN I^BS^}tIB%R»' di^FIGEl 

' !^rhefle ore BometiQits spoken of sub-station equipments. - Impulse-dials are ^escribed 
-in ^i^ions 4 to 7, VSl. I.* inclusive, and instruinedts and tfaeir circuits are described in 
; Section B.‘ in the latSer these pcp, however, stioWti in cbnaection’ wfth direct lines only.* ^ 

- ' Extension, Instruments.—Different types of service may be given to extension in-* 
stiuinents. Jwo instruments iqpf be in pardUe^ on the same Jjine; one only, howe^, 

. shouldabe fitted with a bell to receive calls, the second instrument being called on a sepAiate 
and push circuit. A fevr oirSuits of standard arrangements follow. • 

Wall. Sockets .and Plugs.—^Fig. 1 show^aq arrangement for use on the A. T. M. Cb.’s 




system. A plurality of wall sockets can be fitted, three being shown in the diagram. Each 
socket has one break contact, shown at e, and this contact is opened when a plu^is inserted. 
A bell and condenser may be fitted at each socket, or at one socket only al^dalls, when 
tire plug is not in a socket, are to be Yeceived at one ppjpt only. ^All, of one station, must 
.have the strap connection, c, joinbd across to puWthe bell in.oircurt. A plug is assooiated 
With one instrument whioji caif be carried from^oint^io poidt as required. It will be noticed 
the contacts of the awitol^bs are^n series, th^w^ then eonnecting to a common circuit 





2 


flJBrfMENT IN SimSCHMl# 



to all the bell^. The aooket next the exchange line has two tenninab stra^ied tbigatQ^' 
by a wirQ^d, to complete the series circuit. If we assunle ^l^t socket h oijjiy has t])9,<s<!a}heb^ i 
tion e made, then a diill will 'be veceifed fr&m thb exchange on bell 6' over oirm^ 1,|| If 
the plug P is inserted in the socket A, then a. call will be received on beU B'Vand tte oifouit** 
will be e^ned to the dther bell. Qrcuit 3 is the speaking circuif. • A call maj^ be ipade 
from any one of the 8 O 0 |kets by the impulse-dial. ^ ^ 

t ‘ Fig. 2 shows a corresponding'arrangement on the Sietmna SyatemT A bell-^t* including 





Fiq. 2.—ExTEUstoN Lines (Siemens). Table Telethoneb with Wall Sockets and I|LiTai 


an i^dicti^^joil, is fitted at each socket. The point which is to receive calls when the plug 
not ips«riied njust h^ve the ftrap connection, c, across. The bell circuits ^re again thro%h 
series contacts e. The circuits a^e numbered as before, 3 being the microphone circuit 
and 4 the receiver circuit. At B is shown an explanatory circuit. 

In thctfwo systems mentioned two bells must not be in parallel ^ the line, and in the 
circuits stown^.the necessary precautions are takeij to prevent this. This prevents the 
poBsibUi^ of prei&atur^ ^iripping of ithe exchange ringing Y^en a. subscriber is being called,, 
or interference*with the dialling impulsesf owing to condenser bridges on the line. 

A cdrresponding arrangem^t forcthe W. £. Co.’s system is shown in Fig. 3. In this 
‘system the ol^ectidn to bell and condeibee bridges is not so ^eat,«nd this Simpler oiio^t iS; 


















between tenninals 2 and 3. The diagram cifcuits are numbered, to agree with the previous 
diagraAs, and the explanatory circuit at B will make the arrangement clear. 








j j MamStt ExHn.t ExtmtZ- 

' Explanatory Circuijt- 

* C . • 

Fio. 4.— ^Extension Limiss (A. T. M. Co.)- StTBSCRUEii’s Tak^ txp WaUTSets with Snoug 

Extensions. * - „ 


B a wall instroiifent is fitted at the main office. At C is an explanatory circuit. A push¬ 
button switch is fitted at the main ofBce for each extension instrument, and a trembler bdl 
is fit^<at*£albh extension, current for ringing these being drawn from the central batte^ 
oi%iktl)a exchange line.r Whep- a cipll is received for an extension office the switch is pressed 
and* when the extension receiver is lifted the instrummit is connected ih parallel across the 
exchange line. When the main or first extension tel^hone is in use the polarised bell is 
out out of pkrbuit, but when the second extension is in use, the bell and «ondenser are a shunt 
across the mrciqt. * The extensioix inst^nments are wiii^Hl according to diagram (Fig. fi). 

The principle oircuitSFof Fig. 4 «ne numbered as follo\(s«:— 

1. Ringing dronit for inwar^ calls. " ^ ' 

2. Call^ or microphone cirauit U maHn statioi]^. Di^ing*from the main statkm 
ppmis oirbuit sT. 























3. Short-6irouit about receiver and,tran8mittet dunng impulsing. 

4. Swinging citpu^ to call ex'^nsitm No< 1. 

6. Binging circuit to call extension No. 2. 

' Pig, 6 shows a Siemens circuit for a main instrument and two extensions. A^ml^sed 
bpll ana*an induction coil are at the main station only. A dial is fitted at each station so 
that outward calls oaif be originated from (iny point. ;i\ward cblpj are recdVed at the 
, i4ain station, and any extension can be called by presoing a switch, cuTOnt then being drawn 
pver the exchange line tc^ ring a trembley bell. At A i^sjiowfi a wiring diagram, and at B 




( c ' ' ' 

7.—Extension Lmas {Siemens). SiMi>r,E Extensions (Waix Instii<(ment). r 


a 0 

an ex^anatory one. The circuits are numbered in a manner corresponding to the previous 
diagram, bht.in the case of curcuit 3 the receiver circuit is opened instead of being short- 

cifoiitea. ’* . • . . 

"In^fig. 7*i{f showft anotlfer simple circuit with a bdl at the maip station for inward 
calls, that at the extensions being short-circuited. Wall instruments are used throughout 
There is an induction coil at each instrument. Again, there is a pushrbutton switch at tiic 
ttiMTi instnfment for each extension and a trembler bell at each extensira operated by currenl 
drawn ove^^the'exnhange line. ■ Outward calls can Ife originated from any instrument bj 
the dial ^irovided. Th# ^rouits are'numjDered as describ^ for Fig. 4, the recmver cirouil 
being dp^ed whilst dialling. 

• In Rg. Scis shewn a similar ciromt arranged fofi tables, inst^mmits throughout, bul 
fesemblipg Fig. 7 in that thebe is j bell ihductiun ctpl at^the main instrument only. ^ 




» “0^‘»er aeiwens cirouit, but having a seoruey Bwitci^ bo that when 

in»t»iiment for the,ex!biion, thg puBh andtoh ia preaeed to 
th:«exitt»Bion,^and Beorecy Bwitch operatpt when th« extenBionbalb oonverae over the 
OT^ngp circuit withqnt being overheard at the main instrument. The Bwitch should.be 

conversatipn. Jt opens ’circuitB 1 and f. There 
IS a beJl (i^ansed) jt^the mam instrument only, but an induction coil is fitted at eirtih 
mstruinentf • • • • . 

Kg. lOshcVs a W. E. Co. sii»ple extension using table instrument only. A polari^ 
£xtensIon. ^ j Main Set. 

I ! A 



t £>iduLi^ 


Explanatory, 4 



Fia. 8. Extension Lines (Siemens). Sickle Extensions (Table InstruAbots) 


b^ 18 fitted at the mam instrument only, for inward calls. A dial is at eacli instrliinent 
tor ongmatmg outward calls. An induction coil at the main instrument is»com«io^ it 
the extension At the main instrument is fitted a push ^witch for calling th^Mt^on 

bell.toperated by current drawn over the exchange line. At A is shlwtf the 
wiring diagram and at B an explanatory diagram. 

as foUows”^'^'** ^ numbered similarly to the preceding simple extension cijlyiits, and are 
^ 1. Binging circuits for inward calls. 

diroirit microphone o5cuit of main station. DialUng from the m4in statiotfopens' 

3, Short-circuit'about r^Seiver during impukiiftg. 






































MarriStfti 
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^ordFkxx 


rxiXH 


E)(planator^. 
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Dlal&ftkeH 


EjkMi Lines 




If t-T'SS , 
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Pio. 11 .—Extension Lines (W. E. Co.). Simpi.e Extensions. WAtt Instbdmbnt at Main 

TABtE AT EiUTENSIONBA - • 


Extension. 


Main Set. 




strap beimsn termuiaLs 

Lf 8Ei Gabk-tnlam. A fbi 


Cabk.entim,» fltme-ptvoF^ 


NSS! 


Explanatory. 


siyil 


,_0. , .i > w r - 

TCiTJWjiiBiOM’ LiniBB (WTE. Cotf, Sncna J^cxenbions. Table iMSTBOTaw at Vaw 
Wall jBSTEmsBMTs A^EbcTBKSzoM'b* ^ * 











IP iaSEiHAJ^GE StkEl^i E3tT4sli^^ 

c 

4. Billing oirouit to call extension 1. ^ 

Hg. <11 shows a dunilar fdrcuit f^r fwo^extei^on instraments, tha^ at the mAtn bei]]|( 
i wall set and at ea6h ^tension a'^table set. , ' ^ 

'■ The circuits are numbered as in the previous diagram. Cirouit,6 is tha£ of the seclaad 
stensioh bell. c 

" Pig. 12 shows a W.cE. Co. arrangement with a table set at the-own office^ and a wall 
wfc at the extension. The polarised bell at the'extensipn is 16ft disconnected. The extension 
IS called by a trembler bell operated from the main office.f There is an induction coil at each 
^rument. The princip&l circuits are numbered as for tfite previous diagrams. 






formal Fwttira fSection). Drum or UoTlog Part. 

Fio* 14 .—^Dbum Imbioaiob T. M. 0(^^. 


to tte exchange, but it oan^e adapted for non-seoret wq^king. This bell‘set was originally 
designed by the aythdr, th* 4-way switch ^own* in Fig. 13 being used, and (£rum battery 
indibator (Pig. 14). • ^ ^ 















































' Sig. 1& ^ows a Post Offioe oiio^ nsiiig a d-po^tioa key, and Pfg. 1|> a Pc^ ^ ^ 
Office oiiouit usiQg a 4-po8itiop ,$^toh. Fig. 17 is jui ezplanatoiy^irouii for lioth these 
diagrai^, ^ three iaving the circuits sinlilarly^ipmberedi * « ' ^ 

^•In^g! 19the iSrcdits completed in the di^rent positions of the switch are ns follows ;— 

'*Normal .—ccymected to the exchange, exten^on line dn bell. 

Position l.-^]!4ain connected to extension, exchange on 
Potion 2.-&£xchange4o extension,•circuit to nfhin out. 

Position 3 {springs^ 1 and 3 hctuated ).—^Main to extension, exchange on extension* 
bell. Exchange held. 



Pmnter to position 1 all spring normal Main toExchan^, Extonalfn on Extonalon BaU, ^ 

. . . 2 spnnS/s^andB a^umtod Mam to Extension, Exehanjp on Extonoion Bollt 

• . *3 • 1.2 O 3 *• • , ■» hold. 

• • 4 • 4 • Enchan^ to Extension. 

Fra. *16 .—Post Office Bell-Set No. 4. Joined up for Secrecy. 


In Fig. 16 these are as follows :— 

Normal .—^Main to exchange, extension on extension bell. , 

Position 2 (spring sets 2 and 3 actuated ).—Main to extension, exchange ond>e4. - 
Position 3 (spring sets 1, 2, and 3 actuated). —Exchai^ to extension, exchMge hsid. 
Position tt(spring set 4 actuated ).—Exchange to‘extension. 

The circuits are numbered as follows :— 

1. Ringing circuit of exchange line on bell at main. 

2 (over 1). Talking circuit to main. 

3. Extension line on extepsion Dell. 

4. Qenerator circuit for calling extension. 

6 . Exchange on e:iitens]?)n bell. 

6 . Extension on main b^ll. 





A.**- Switch Lever Normal) ** Mnh Tehphone on Eichanjis, Ej(i»nston on 



B.-Switch Lever in “Extension’ Poiltjrfn. —Ato/ho/r Extension, Exchange on 

Extension Beth 








7. Extension talkmg to mait^ 

iaGeneratjr circuit to call,exten8ion (same as 4). 

^ Exchange line holding* circuit. • 

ID. Excbange^o extension line, talking circuit. 

11 . * Condenser shDnt across 60-^hm coil ot relay. 

12 . bridge^ across loop (i.e. across circuit 10, by Release of relay when th/extension. 
receiver is Replaced)** 

The vol^e of the battery for tlilking between the main and the extension should^be 
varied acco?^ to the resistant if the line. Fey particulars seethe figures on the diagmm! 

When the switoh is ti; be used for non-seoret working, a strap is connected betwe^^he 
terminals A and A and b^Ween B and B'. (Circuit 13 then connects the main instrument 
in parallel with the exchange-extension circuit. 



jn PA«,TY wNEs^ wim cjiaif 


Section 4 

r 

DIRECT AND ^ARTY LINE% FifTED WITH COIN %OXES 

* o r 

For^U offices, hotels, and other public'places, where the user pust pay for eii,oh con¬ 
versation, such coin boxes are very desirable. Party-line working, also a very suitable 
field for them, because a meter at the central office could not readily bl^knade to ^iijSerentiate 

betwhen two offices which might be rented 
by two parties having no i^ationship one 
to the other. , r 

In suc^> e^piipments it is essential that 
a client be able to call the exchange with¬ 
out fee, and also be able to call the pcrty 
wanted, and, if the line is engaged, pay ho 
fee ; but if the party replies a fee must 
then be paid. The party called must be 
able to 'indicate his attendance at the 
telephone, but it fnust be impossible to 
carry on a conversation until the fee is 
paid. A system designed by the Auto¬ 
matic Electric Company, Chicago, is the 
only one in general use. * 

Fig. 18, showing a circuit of an 
arrangement based on the above system, 
2 , by the A. T. M. Co., is used as an explan¬ 
atory diagram. The essential apparatus, 
in addition to the telephone instrument 
f nd coin box having a chute, is a polar¬ 
ised relay. This resembles the polarised 
bell movement of a telephone instrumrat, 

< and acts as a 2-way electro-mechanical 
switch. When a call iji made and the 
battery on the lilie reversed by, the lifting 
of the called receiver, the nlicrophone is 
short-circuited and the receiver is shunted 
by a 30-ohm coil. The caller cannot, 

< ^ 4 , • therefore, communicate with the called 

pai^-y, but the response of the called party can be heard. The receiver is rendered in* 
efficient ^'so thaU if cann&t be ufied as a traiismitter. When a coin is inserted in the chute, 
or a coin inserted and a lever turned, the short-circuit and shunt are removed, so that 
conversation can take place. ^ 

The batfery ^n,the line is not reversed when the c|ll is to an “ information ” operator, 
nr when handing'in & tru^ call, or ^hp like, and no fee is payable. A buzzer in such oases 
Indioatps to the Werator tnat the call is from such a pay-station. 

The cifouits ctf the explanat(Uy diagram aK as foUows :—* « 

a. When the rw0iver is lifted to calif the magnet aE is efi^igised and the armature is 



—Pay Stations, Exfx-anatohy Cikotjit 
Coin Box (A. T. Mf Co.). 





.mr 



»wjfi lug 16 to the position dlotm in the'diaarMa 
j, then dtoUed.. oalBsd party ahswere the onlrentinSoSt 

« M feypwed^^^armatu^^^^ iknttracted to the W ^E.* The eftension 14 on arm 13 
»tnwthe lug 16 and moves the flonHucr n.rm 1 A 4-U^ rm _s # 


.BOW j 


1 a T?® ' The moving spring 

18, ra'wl^oh tte arm ,16 is pivoted, o^jises a set of contacts. » i* 

o. ShprtToirotiit abhut the microphone. 

ft. aiurt about tte*receivep^ The calling subscribe aan hear, 8ut cannot speaJi 

23 faUs, and, as the spring 30 has beSn. 

earned to the rmht by the ihsulq^tott pencQ 36, tl^f insulated parts 37 falls behind spring 
Md locks It in thw operatedjiosition untU the receiver is replaced. This lever is not Sioyn in 
the ^wmg Post Office circ^8,*but is provided,* in this case, to meet trouble that somptimes 
hap^, due to the r^eiver being replaced U§n the party first answering has tTbting 
arother party to tha telephone, and the like, when the current in the line is restored to SI 
noamal condition. A second reversal then takes place, and as the switch has meantime gone 
bade to normal and agam energised, a second coin has to be inserted. ^ 

When the called party is heard on the line, a coin is immediately inserted in the chute 21, 
when the end of the arm 16, shown, projecting into the chute, is depressed against the action 
of spnng 19, imtil the CKtension 14 is free to pass over the lug 15. The arm 16 then passes 
to the left by the tension of sprmg 18, when the circuits 6 and c are opened, * ~ ^ 

Short-circuit about cod oE. Should the called receiver lie wrongfully replaced and 
again removed, the batteiy reversals will not affect thfe calling apparatim * 

• e. High resistoce winding eE energises ftnd returns armature 12 to noJmal. The 
extension 14 lifts the lever 23 and circuits e and d are Opened. 

When the callmg receiver is replaced, the apparatus is restored to'normal, and the 
exchange apparatus released. ’ 



JST oiTicii emetines 


Section 5 

POST OFFIGB CIRCUITS FbR COIN-BOX LII^ES 

• ^ *• 

Thej^e difEer somewhat from the theoretical ciroitit before ^des^rihed. The Idver ^3 is 

not used and the polarised relay has its two coils connected in seri^,,the resistance of each 
‘ € * , «, , » * 

Contacts itZ are normally making, When com is insfirtedranel 
handle turned ISZ break amCZa^make ,,Floatingsp/jngon Relay 
is depressed smdmieaaed fivm the aefnature anp; thisrgimffea 
II T I u ahuntandshoncct, from receiver and transmitter, w! r— 


Wall Telephone 


Cord Flex 


Green 

•Zmf. 


Z Cords Flex 


grange 

X 



b\C.C,Box 


CbrdFkx 
fo^extrarect 
if required, j 


••I. • 

/i+ Exch,Line -B 


Modification for Party Line workin^i 

^l^“X"Party, Fh an additional terminal. (4\as shown In the explanatory sketch on Fi% 20 mdotted 
lines, and connect to earth, Trana^r, the wire from the Sack contact Sf the switch 
• arm to terminal 4, , • , 

,* For"Y'Party, Fit additional earth terminal (4) as above, Dlscoiyiect at termIRalS the wire fhom da 
% wteedrom the bell coil and connect it to Terminal 4 and strap the switch arm to bad 
• contact, • 

• Nabe,-'For Table Set see F^, 20, 

JFio. 19s—P ay Station. WAj> Instrument Circuit (A. T. M. Co.). As used by Bbitibh 

Post Office. 

being if 5*ohm9. * In addition to a eoin heii^g inserted in the chute, a handle or lever is turned 
so that the weight of the coin does not control the movement. When connection is made 
to an information operator, a trunk record operator, and the like, su^ services requiring 
no fee to he* pai^, 4)he line battery is not reversed. A buzzer is included, so that these may 
be used on mafluaf sys^|ns when jil^e operator will hear the buzz on the line and be able 
to ofapok the number of coins inserted, in a known manned. 

i9 shows the combinatktn Of a wall instrument witlf sucl) a coin box, and Fig. 20 
« table telephone. fThe explanatory diaigr^ B apjdies to bo^ wivngtdiagrams. 








i^nita are nomoeiM anodus as lotlows 

ft. ‘When tile feptiver is lift^dtto* make a a is oi^plete^ through tha polarised 

relay it^toh (whicMs shunted by a oondhnser). • The relay is set in the position shotm in 
tii^diagram, de desorilM for Fig. 18. 



Expl anatory PiaframB^ *^ ^ 



Modification for Party Line workingi dbinCBofi' 

^ Cmnect terminal 3 of Bell to ea/^lnsiedl of to Strip Fkx Cord omnectlonfi terminal, 

nr Y Party, Ratrmfpstrap betmontermumls 394 onBefSet andcormeet terminal 4 to earth. Strap 
terminals 133 on,Bell Set, • 

Note.-Por Wall Set see Fig, 19, 

Flo. 20 .—Pay Station. Table Instbuuent anp Ezflanatoby CmouiTS (A. T. 1^. Co.J. • 

As USED BY British Post Omtai. • * • • 


a'. The short-circuit about the buzzer. 

The caller dials the number wai^d. The coin should be in the entrance the chute, 
BO that immediately a response's heard it is released and the lev^pdiumed. * 

When the called party liJtB t!he receiver to alhswer the call, the line battery is reversed. 
The polarised relay is energised in the revers#direction, aifd two contaqte closed. * 
h. The short-cittiuit abo^ the microphone. 










;S0' 

c. liie '8(kohm shont about the reoeiyer. The oaUer oah, therefore, hear, but oazmd 
speak. • . , • 

When the levea is turned, ciieuit a! is opened'and the buzzer tone is^ven to an ^t>erator, 
if,the call is on a manual system. .' t ‘ - 

/. Hhe receiver is now totally short-circuited, so that the caller^oes not hear Ihe trazz. 

* The floating arm Ifl is depressecl so that the extension 14 of arm.l8 passes o\re]: the catch 
to return the relay to normaf. The talkfbg circuit is*dow complete with 4he receiver 
and microphone in.series, through circuit a and a', ^hp received currents^are through the 
Condenser which shunts {be polarised relfty. 

6uch a device is very suitable for pai^by-line workings For a direct line the bbU and 
condeftser are connected between the under Gf>ntact of the switchhook and the B line. For 
party-line working the X subscriber's bell and condenser is tapped, ofl the B* wire and 
connected to earth. The Y subscriber’s bell is tapped ofl the A wire. 



Section 6 

• s * 

A. Sr. M. GO.’S COIN-BOX CIRcbiT WITH TONE SiGNAL 

^ cirouite prerlouidy desoribid, the coin has to be dropped into the chute ^hen tb 
part 5 % 8 voice i^enrd on the line. If tlysrj is any dglay due t« the caller not realiaiili 
that the caBed party has answeftd, tfee latter may fancy it a wrong caU and replace th 
rweiver. In this altemative-circuib (Fig. 21) a special tone signal is given to the caller whei 
the oaLed recbivfe: is lifted to reply. A set of r^afs is associated with a trunk line to whitl 
a plurality of subscribers’ libqp has access. The» circuits are numbered as follows * 



Fio. 21.— Com-Box Cntorir wnM Tone Sionax (A. T. M. Co.).* 


• • 

1 . A cmling liile,*by a line sjvitch, extends a trunk line to a connector, in known manner 
one winding qf R' being in circuit. - - ’ 

2. TThe other winding of R is in the third oonductor circuit in which ciurent is in the 

opposite direction, so that R' does not energise. * 

3. When the called party answers, the current in the* loop is reversed as elsewhere 

Cijsoribed, and, the currents in the two windings now assisting each other, R' and 

jpens the B wire towards the connector, mid connects Ijjie n ulling eide through i)b]*ys»J!8 
ind R3' (which energise) to coil C3, and to battefy. 

4. A tone signal is induced in circuit 3, which when heard in the receiver is a aipnA.1 
to insert a coin. 

As the coin falls through the obtfte, contact la is opened, and resihEaflce «inserted in 
the circuit. R3 de-enagises, btlt.not R3'. 

6 . B6 energises. » 

► 6, R6 loc^ ci^cuiC. Winding 2 of R' is shyt-circuited. R' deipneraises arid com- 

(Uetes the talking circuit.* 



Modification necessary for Party Line Working. 

For ’t\ "Party f Fit an addlimnat iem/nal f4)a» ahoivn In the expianatory aketeh m dotted lines and 

• , t ‘ conn^ to earth. Trananr the nn're fhom the back contact oF the aveitch arm io 
t terminal 4, o 

For ' ^ • Fft an aSdltjonaf terminal (4) as aboye, Trans/kr wire to the bell colt F/wn terminal 

3 to terminal 4, and^ etrap the switch arm to bank contact, 

Note.- For wiring of Table Set see Fl^. 23. ^ 

• * S^a. ^2.—SuB-aiAiioN Caioi MjeKCOB (A. T. M. Co.). Wau. Insthttvsitc. 

e 

polarised relay^ of the used Si*E1g. ^8, which funcridhs in a mann^ sinular to that 
in the ooip box. The relay is se|> whe^^the rgoeiver is lifted to make a call, is energised in 
|>he opposite direotiaa when the line battjp^ is reversed, and is res^bre^ to nomal when the 
meter operates to re^sto a oall.^ The rngber is aem^y shSrt'Omouited wd is epergised 























Vliein a key u pressed to open the si^ort-oirouit, when current over the ezohdhge line oausite 
it to re|(»rd< These may be fitted on dirtot liqes,'or>on eaotkof two<Bta1ions on\t 2-party 
oironit.* 

a 



- 

Note.- Telephone connecting Strip 
Termlnale marked ® 


% Modifications tor Party Line Working. 

‘ For ’/T Party. Connect terminal 3 on Bell Set to earth. Instead of to terminal 6 oh Strip 
Flex Cord connection, * • • , 

For" Y"Party. Fit an additional terminal (S) on Bell Set ang connect to earth. Transfer 
nlre from bell coH from terminal 4 to terminal (s), 

Strap terminals land 3 on Bell Set. 

Note,— For wiring of Wall Set see Flg,2Z, 

• __ * 

Fio. 23.—StTB-STATioif Mbtbb (A.TT. M. Co.). T^lb Inbtbtjmbnt. 

The circuit, when used with a wall instrument, is shown in Fig. 22, and with a table set 
in Fig. 23. An explanatory diagrant is shown at B in each case. 

The circuits are numberedlsimilarly in each ^se are as fcUbws ;— 
a. When the receiver isdifted to call, ciprent js throtfigh the receiver, microphoile, and 
polarised relay. 

a'. Short-circuit about Ihe meter. 














24 


su6-6t^7ion ^all Smi^R 

The numl^ lequiihd is dialled. 'V^en the called .party answws, the relay i8|f|jper«ted 
in the reverse diiectida, when one ooiAaot is opened and tw6 closed. 
b. Short-oircnii about the miorophon4. < 
g. S^hort-circuit about the receiver wheh dialling. ^ 
j. l^hen the key is pressed the short-circuit across the meter is d^ened. - 
« h. Current is drawitover the positive \tir^ (which has l^epome negative) of thd exchange 
liAe to earth at the relay springs. As the meter registers, it deflects the foaling arm to 
permit the armature extension to ride oyer the catch t(> ^estoire the circuit to the talking 
ccmdition. 



PARTY-LINE WORKING* 

• 

FREQUENCY SELECTING CONNECTOR 
FREQUENCY SELECTOR 
REVERTING CALLS 
TWO-PARTY CIRCUIT 

LOCK-OUT AND RE-RINGING 

• • 

HARMONIC RINGING* 








Section 8 

PARTY <.IN£S 

- ^ • ♦ 

This name is giveit tp & metallio oiiouit on whiok there are a plurality of suh'^tationB. 
In this country only statioijs on a circuit been*uf^ on automatic systems. In jBe 
United Stat^ four are common and eight and ten used to a considerable extent. • 

The methocf of calling most generally used is the harmonic-freqi^ency system, the different 
bells on the circuit being adjusred and biassed respond to a different frequency (ifte 
Section 16). * , • . • 

Codejringing is used to some extent, at times in addition to the frequency metfio^ in 
order to obtain selection of a greater number of i^qtians. , 

t^olariaed beUa, adapted to respond to positive and negative currents, are also used for four 
stations, one of each kind being tapped off the A wire and one of each kind off 1j|e B trire. 

Lock-out devices, to prevent interference by stations other tluvn the talking one, have 
been designed, but have not met,with much favour, probably because of the additional 
complications on the ciacuit. 

^A^few of the systems that have been used to a considerable extent are described. • * 
falling by Extra Digit. —-Each connector has an liuxiliaty switohing device, callqd a 
frequency aelector, which is operated in response to impulses received from the caller, to 
select the particular ringing frequency for signalling the desired station* , 

Multipling the Party-lines over a Plurality of Connectors. —Each party-line 
is made accessible through as many groups of connectors as there are sub-stationij on the 
called line; each group of connectors being accessible through a different Ijrvel of the 
selectors. Each group of connectors is supplied witl},ringing ^current * of a different 
character. In such a system the connecting efficiency of the connector is veiy low, as it 
will put through, on an average, only one-fourth of the calls to each line on ifs ban£ 
terminals (on a four-party line). • * 

•Discriminating by the Selector. —Each party line is accessible only through one 
group of connectors. This group, however,^is accessible through as many different levels 
of ^he selectors as there are sub-stations on a line. Each connector is provided with means 
for connecting ringing current qf different character to the called line, the particular rin ging 
current Whic]) is connected to the line being dependent on the level to*Which the selector 
wipers have been raised. . 

Reverting Galls. —Usually special means are provided to enable one party‘to call 
another on the same circuit. 


Section 9 

PARTY-LINE FREi^UENCY SELECTING CONNECTOR 

This has a frequency-selecting switch combi^d Witt the usuftf connector. The special 
feature of this A. T. M. Co. switch is that the,frequ^cy istselected before tte coijneotion is 
made with the called line, ^e thirddast digit,^ therefore, determines tthe frequency to bq 
applied to the line. 



28 pABary-i^ FaEQBfiNCt ^ 

(1 ® fj 9 f ,0. 0 * 

The oirenj^iB of I1g.'24 are numbered as follows ' 

1. When the calhng line rs exten&e<f toothe opnnectotj R' energises. . 

2. B2 (slow) eiS.ergises. 

3. B3 energises. 

Frequency digit edUed. B' de-energises intermittently. 

^ 4. Frequency-switch magnet^ M4 resppn^ and steps the wipe|^' b and Cr a distance 
^correi^nding to the digit. B3 is held over 3' duripg thb period of impulsing. Circuit 3 
is now opened at wiper c, /ind B3 de-enersises when M4 de-energises after thS impulses, 



Note 'When this switch is used m a sub-office^ withoi^ selectors, short-circuit gu. Relay D,,so tfiat 
rf lease & controlled by fhe caller. Adjust grmature spring Xon Relay~r so ^at It will^ 
just pull over a^mst its make contact with 4$V, battery through iSSO'^ m senes ,wrth^ 
the 200'“tylnd^, but not through 20S0‘“res. Adjust contact. Y on Relay H to make 

Fio. 24.—^Two-wmii FBKQTTBKoy' Seleoxino Conmeotob (Side Switohijesb). SsLiiCXB tbe „ 
Frequency bbeobb tee Line. Bbieabe when IiABT e^ty beflaoeB Beoeiveb. 

• • • 

The tens dtgrtt is now called, and B' again de-energises. 

5. B6 enefgiies for the duration of the impulses, and the vertical magnet VM stepe 
the shaft to the correct level. 'After the impulse B6 de-energises. ' 

• JJcMis digit now called. B6 energises for the duration of the impulses. 

I 6'. I^tar^ magnet BM steps the wipers round to the desired terminals. 

7. the called line is idle* When B6 de-energises after the impulse B7 energises. 

8. B7 holding circuit. 

9. Called'line made busy. 

10. Correct frd^ency applied to the called station. B3 does not energise. When the 
subscriber answers, B3 wfrgises. •• 

14. B3 holding circuit (BM does not Aiergise). 

12. Current to called subscfiber. *B12 hnergises and reverses the battery towards 
the caller. ‘ * “ t* . 
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Section 10 

» * * 

PAR’BY J.INES—DISCRIMINAtAiG BY'tHE SELECTOR 
•Fig. 25 shows sutsh an«rrangemSnt. . , 

The p^fty called4dopends on the third last digit of the number, which is varied aocordiag 
to the station on the party lintf. The numl^ers of the stations on a 4-party line may oe. 




Al'tprnative Arrangement. 

Fio.. 26. — ^FouR-PABTif Lms Working (A. T. M. Co.). Disobiminatino RY>iai! SKLaoxoa. 

• * 

• ^ 

t.g. 124, 224, 324, and 424. On the selector banks the four first terminals of fouf levels 
of the A and B line banks must be multipled together for‘one line, the second tenninals 
f^r another, and so on. The test terminals are not so multipled, but are indfviduaJly 
carried to four rela^^s R3, R4, R6, and R6, one of which^is eijergiseA accoBding to^tjie level 
to which the selector wipers have been raised. 

The circuits are numbered as follows :— 

1. When the selector wipers have made connection with its bank terminals in calling, 
say 124, relay R' energises. 

2. R2 (^ow) energises. 

3. R3 energises. 

4. If the first dimt cklled jiad been z, K4 woul^ energise. 

5. If the digit called*had*been 3, R&would ofiergise. 
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6. If the (tigit called had been 4, B6 would energiec. 

The^inging-oonteol relaj RG is anrirgiged as elsewhare.desoribed. 

7. R3 completes a circuit fol G' ovm*, say, bell B7. 

8. R4 completes a circuit for G2 over, jiay, bell B8. 

9. ^6 completes a,circuit for G3 over, say, bell B3. 

10. R6 completes a circuit for G4 over, say, bdl GlO. 

When RG de-energises, the two commbn'circuits^are opened. 

It will be readily understood that a smaller or greatpr nujnber of stations on a line n\ay 
'bl worked by (ienrn asing or increasing thi number of levels, relays, and generators. 

^An alternative arrangement is shown jat AA. Relaya R3 'to R6 are shown coifnected 
to individual terminals of the B line bank temiinals. 

One relay, according to the level,ps energised in series with R’ across the loop to act as 
a feeder bridge, R' being now single-wdund. A condenser is provided for each terminal. 
The'test terminals are now multipled together and a wire carried to the guarding relay R2 
to be earthed. 



Section 11 

P1^0UENCY*SELECTO*R ADAPTED TO WORK WITH AN ORDINARY 

CONNECTOR 

oo“bination Is that the frequency is selected 

’’y ^ ^ ordinaj/ooimectS 

shown with dot^ lines to the fregu*icy switch, where the necessary modifications to t^ 
relays and ciroiyts are also Abwn. ^ vao 

The circuits of Fig. 26 |ire numbered as foUows ;— 

1. When the calling linqls extended to t^e connector, R' energises. 



Y. R2 (slow) energises. 

The tens digit is called. 

, 3. R3 energises for the duration of the impulses. The vertical magnet VM steps-4p 
t/il6 Suftft*. 

U'gits digit called. 

4. R4 energises for the duration of the impulses. 

5. Rotary magnet RM energises and steps wipers round« 

6. If the called line is idle, R6 energises. 

7. Called line made busy. 

Frequency digitwcaUed. 

8. Frequency magnet M8 energises to step the wipers F' and F2 to the correspondimt 

frequency. ^ 

9. R9 energises. 

10. R9 holding circuit. 

11. Required frequency connected to the called line. When the called party answers 
ROO energises and the lines are connected. 








Section 12 ^ 

. PARTY-LTNE^REVERTING CALL SWITCH^ 

Figi 27 is one of the latest A. T. M. Co. circuits ser^jng this p'^OBe,. No key is aeoe^iy ^ 
the subscriber’s telephone. .After dialling the special reverting n\imber, which may be a 
4-higit number, if this switch is ausdciated wkih the seoon(| selectorj tfe reoeivei 4s replaced 
to allow the other station on the same line to be called. During the ringing period the guard 

D ^ B G ' C H ' F E ^ 

f, to - 

J18. 17ja , 

1^57=?- 
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^mpte Bank Combinations. (Anf^ others may be made) 

1 . ligand SET^btHe across the line or both from -line to earth . 

2. » r/6'^ • BOT' • » / * * " 

a H frnr'hmli nn - Lins and SO'^beU on + Lme (earth) 


BOF’be/l on - Une and SO'^beU on + Une (earth) • 

SoT « » • - 6e~ » '• " ( • )' 

Fib. 27 .—Pabty-Link Revbbtisg Caix Switch (A T. M. fo.). 


relay is in the control of a special relay, as the line or impulse-relay is de-energised. The 
bank terminals may be connected in any fiarticular manner to meet the requirement of the 
service. The combinations shown are simply by way of example. 

• Tlv^ circuits of Kg. 27 are numbered as follows :— 

«■ 1. Py the and second digits eaUed the loop is extended from the first to the secoiul, 

selector and then to fins switch, when R'^ energises. 

2. B2, guard relay, energisest 

4. Earth on release trunk. 

5. its energises. , 

Second kdt digit cqff^d. R' cle-pnergisee intermittently. 

, 6. R6 energises for the duration of the impulses. 

’ 6'. Vertical magnet VM dhergisee in parallel with R6, anp steps-up the shaft and 
• wipers. Off^ormhl switch ONS open# circuit 6. 



7. Bl^yiisg oirWi fdr the ijhpulees!. 

the impulses B8 d^^nex^pb^i ‘ihimBS. 

8. ’tlroiiit to INT start. 

FitM digit c^UeS, R' de'-ener|^jBs as before.' B6 enwgised as befdte. 

^ 4 !^taiy mago^ RM energises'^nd rotates the wipers to the torminals oorrc|fipondifig 
to tBe frequency reqiiifed. * #: " “ 

B6 de-snergises ffitir the impulses. 

10. If the final digit is 1, BlO envgises intermittently. 

11. When ftlO de-energtses tiiC 16~ circuit i^oonnected to Rl.1, which energises. 

12. Circiiit'through second differential winding to de-energise Bll (slowly). 

1^. B13 energises so tliai the caller may replace his receiver, to render the ring j^ack to 
the called party more efficient. * 

14. fe2 holding circuit while B' is de-energise^, 
ir. Frequency circuit 16~ to called party. 

16. When ElO energises 33~ is connected to line. 

If final digit had been 2, 16~ and 60~ would be connected to Hne. 

If final digit had been 3, RIO ^jould not be energised. 

16. R6 energises tcacross over the lines, 
r.'. 60~ to positive wire (Bll being energised as before), 
final digit had been 4, BIO and B6 would both be energis«Jd. 

18. 66~ connected to negative wire when BlO an4 R6 de-energise. ^ 

19. 60~ connected to the positive wire, when BIO and B5 energise (only the'bell tuned 
will respond, or the caller as weU as the called party tnay be rung). 

When Uie called, party answers. , 

20. R20 energises over negative or positive wire, the circuit being completed over Bll 
to earth. Wire to the frequency generator is opened. 

21. Neutralising circuit B20 de-energises. 

Bll de-energises, then B13. 

.‘B' is reconnected to line, and is then in the control of both parties? (Current for the 
microphones is supplied through this relay. 



Section 13 . 

I f • 

REVERTI)rE CALLING ON PARfY LINES» 

9 

' A group of party lines has access to twoisets of calling-line finders m a W. E. C«. system 
(Fig. 28), one set being used for drdinal'y calls and the other for‘reveVting calls only. Each 
pSfity circuit has two liiie relays E a*nd R'.. E is energiset^ in the loop in the u^l way for 
•oMinary calls. R' is differentially wound and only energised for reverting calls, when key K 
, jis^epressed to earth the B wire. R' contfols the revertiAg,finders, each of which is equipped 
with^a ring-back equipment, selectively opemtod by impulses sent by the caller. ^ 

Th^ ringing equipment connects positive! or negative cufrett to the A, or to the B, wire, 
tog^her with alternating current, which energises a relay fitted in the instrument, to connect 
up the polarised bell. A subscir.ber'dosiring to call another party fm the same circuit 
depresses key K', and then removes the receiver. * 

the circuits are numbered as follows :— 

1. Key K' depressed, differential relay R' energises. 

2. R2 energises and completes a holding circuit for R', K' released. 

When the receiver is lifted, R2 is a shunt about R, so that it does not energise. 

5. Ms energises, and the special finders hunt in known manner. 

4. Controlling test relay R4 energises. 

6. Holding Circuit of R4 over INT. 

6. When earth removed, R6 energises.' 

7. SIsquence switch M7 moves to |>OBition 4. 

8. J18 energises, when M7 passes position 3., 

9. R9.(C0^) energises. 

Operation of rinpin^ bach. , ' 

10. ‘'8tdpping relay RIO energises. 

11 .< R11 energises. 

12. M7 moves-to position 8. 

. 13. R13 enqrgises, and opens circuit 11. 

14. Register M14 energises. When M14 cipses its local contact, R14 energises, and M14 
stops into position I. 

16. Theseoond winding of differential relay R14. 

16. Ihterrup'ter connected to primary of coil, to give dialling-tone to callcc. 

17. ^ M14 istse^) by a single group of impulses under control of R14, R17, and RlO, in a 
manner as described in Vol. I. , 

*18. At thp last interruption, RIO de-energises long enough for R18 to energise. 

rt. R19 energises. 

20.11^ moves, to position U. 

The caller then depresses the reverting'key K2, thereby introducing a condenser into the 
loop circuit, ^d RIO de-energises. R18 again energises, circuit 20 is completed, and M7 
moves to jtoifition 12, which is the rihging position. 

It is assunaeil tllat the four ring^n^ positions of the register M14 are 6, 7, 8, and 9. 

21. R21 is energiseef if M14 stops in position 6 or 7. 

22. R22 is energised if M14 stops ii^positton 8 or 9. , 

23. Negative, \rtth superimposed aE^nating current is connected to the A wire, or 




^"AidTb^'ipiic: ■' 

• • • ' 



Fig. 28. Botaby System (^V. E. Co.). Rbvkbtimg Cauub on Pabty Ldsks.' 
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REVERTIVE CALLING ON RARtlT LINES 

positive, with (juperimposed alternating, current is connected to the B wire, according as 
R21 or R22 is energisGd for positions 0 and^S. ' , ^ 

24. The above (Conditions aro reversed for positions 7 and 9. Oiie of the in|teument 
relays ( 26 )'' 3 nergiseB and connects the polarised bell to line, so that one statio'n only isiTipig. 

26. B26 rings at station R2g". , ' ^ - 

23'. When the receiver is lifted fo answer, R23' energises. 

26. R26 energises. ' ‘ ‘ * 

27. R26 holding circuit, R21, R22, and R13' de-lnejrgise. , 

28. 28'. Current for the microphone iC fed over R11 and K28. 

GS M7 moves into position 18 (talking position), over circuit 12. 

When the receiver is replaced, Rll de-ene’-gises and restore the circuit to normal. 

"The apparatus shown to the lef^ of ithe dotted line xi/ restores the special ^finder to 
normal, if the call is not completed in a' pre-determined time, if the called party doep not 
reply, jcr if two finders simultaneously connect with the calling line. This apparatus is 
common to a number of finders. 

4 




Sectian 14 

• • 

ISIRTX LINts^MULTIPLED OVER A* PLURALITY OF GROUPS OF 

/30NNECy0RS 

• 

Such .on arrang^ent is fairly obvious and no diagram is p^^vided. The groups^f 
connectors are each arranged for* 100 lines as usual, and uie hundreds digit differs for each 
. group. On a 4-party line tlje four groups of connectors may 1^ numbered as follows :—* 
(o) from 0 upw£fl*ds ; (ft) from 10(f; (c) from 200 ;*and (d) from 300. • • 

The same 100-party liileg ase multipled over the four groups, the latter being suitably 



co^ected to different levels of the selectorIbanks. different ringing frequency is con¬ 
nected to each greup of connectors so that^ch group will call one station on each circuit, 
namely, that having the bell tuned to respoj^ to the freqpency-of the afticteiated. generator! 

Post Office Two-Party Lines.—As■ previously mentioned, onlyj2-party lines are, 
in use, on automatic systems, in this coiJntry, and they are'wired *on this Aabhod,' 
Fig. 20 shows the modification necessary to the ii; T. M. Co.’s circuits. It wilh be 
noticed that one set of connectors has negative current connected to the upper*wiper*of 
a pair, whilst the other set has positive current connected to the ooruespondihg wiper. 
The former is used to ring the X station, the bell*of-\tWoli is connected through a condenser 
to earth from the A wire ; the latter is used to ring the Y station which is a tap to earth 
from the B wire. ♦ . 
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.Section 15 

0 G 

LOCK-OUT PAH'tY LINE AND RE-RINGING piRCUIX 

Each party-line instrument has a locking relay associated with ih'vthich, when energised, 
aH^ws a suitably-shaped spring ^ lock the armature in the operate^ position, ,imtil it is 
^r^eased by the switchhook when the receiver is replaced. The switohhook is so shaped 
that, when the receiver is Jifted, a disc indicator bearing the wojrd busy appeaft at an aperture, 
should the relay not energise. Should the relay energise' a disc indicator,' attached to its 
armdture, will pass between the busy shutter and the apertur^, 'indicating that the dkll has 
been elective. « 

When the party line is already busy, ahd another call is made, the rplay will not energise 
in parallel with the existing shunt'. Whbn a call is for another station on the same line the 
callel' inusfi depress a key, to introduce considerable resistance into the circuit, to enable the 
called party to answer., 

Re-ringing is obtained by locking the ringing-trip relay over the impulse relay, so that 
when another impulse is sent, that relay de-energises and re-connepts the ringing circuit. 

Thft circuits of Fig. 30 (A. T. M. Co.) are numbered as follows :— 

^ 1. When the receiver is lifted ix) call, and the line is idle, R' energises by a momfentary 
current from battery at line switch., The kneeded spring passes behind the armature, to 
maintain ip in the operated position. As the line is idle the word btisy is obliterated by tbe 
armature shutter. r 

2. 6ircuit though microphone in which the line switch (not shown) operates in known 

manner, to extend the calling line to the first'selector. Impulse relay R* and also RR' 
energise. ' t r 

3. cGuard relajT R3 (slow) energises. 

TAif first digit impulses are sent. 

4. The vefticftl magnet VM steps-up the wipbrs to a corresponding level, and R4 energises 
for the duration of the impulses. 

^ 5. M5 energises. R4 de-energises after impulses, then MS and the side switches pass 

to the second position. * 

6. The rotary magnet RM energises and rotates the wipers in known manner, to find an 
idle line.* R6 anrt’gises for the duration of the search, ^hen R6 de-energises the side 

, switches pass ^ Jhe third position. ' ^ ‘ ' 

7. *The calling loop is extended to relays R7 and R7', which energise. 

8. Holding circuit of line and other switches. 

8 . R9 (|uard, slow) energises. 

10. Guarding circuit. ^ 

10\ R6, being slow to de-enerpse, guards circuit 10 until R9' enerpses. 

Second digit impulses on connector. 

11. The Vertical magnet energises and steps-up>the wipers to the Resired level. Rll 
(slow) energjse^^oftthe duration of the impulses. • 

12. R12 energises fbf the durfhion of the imipulses. A^ter the impulses, Rll and R12 
de-energise and the side switchec^pass to tlie second position. • 

Finaidigip. % 

13. The rotary magnet RM steps wiperck round a distafioe rarresponding to tbe 
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LOCK-OUT PARTY Am im-RIKOINO CIKCUTT; 

digit. Rll and B12 again energise as before and de-ei^gise after the impnlses, add, if the 
line is idll, the side si^tches pass to the thi^ position. • « . 

14. The callingcloop is extended to the terminals of the called line.’’. 

16. ^darding circuit. ' ", 

16. Ringing relay B16 energises intermittently over the interruptdr. 

17. Binging circuiAto the cal]ied line. ^ ^ ^ ^ 

18. B18 energises when the called party answers j(talkihg circuit). 

19. B19 energises t 0 (ppen circuit 16 to cut o£E ringing, r * 

20. Bl 9 docking circuit, to prevent r^-ripging if called^receiver replaced." * 

Should the caller desire to again ring the tailed party, who have replaced the receiver 
prepafurely, without clearing and re-dialling the number he mdy do so. 

When the called receiver is replaced Bl8 de-energises, and B19 ia held ener^sed over 
circnit 20. If now the caller dials B7 de-energises and circuit 20 is opened and Bl£ de¬ 
energises, circuit 16 is again completed to ring the called party. B18 again energises when 
the called party answer^ and B19 again energises to lock. 

To call another station on the same party line, the operations and circuits are very 
similar to those already described. 


Section 16 

^eCective signalmng on party lines 

W*E. Co.’s Four-Party Line.—The particular feature of this system is the relay 
in the instrument, shown in Fig. 31. The armaWe has a long travel after contact has been 
.made, so that, gJthough the armature may vibrate under the intermittent current, the 
movement is not sufficient to break the local bell-circuit. 

A U-shaped armature, a, is pivoted by the two ends to one pole of an electro-ma^et 



Kio. 31.—WxsTBBM Eleotbic Co’s. Slow-actino 

AliIfEBNATma AND DiBECT-OUBBBMT BeLAY. 

• 

which is placed between the limbs. The armature normally lies put of line with the core, 
but whenAcflrrent is'passed through the coil it is attracted towards the^re at the free end. 
The contact^s Qbamthe pivoted end. 

. The relay at each ^tftion is d&estly across the loop with a condenser in circuit, and all 
respond when a current of either^polari^y is connectecf to line« The earthed bells are, thm- 
,fore, only*oonoected to the circuit durins the'briirf period of ringing, and the circuit is tbm- 
fore a balanced one normidly (see Fig. 32)?^ 



The subsoribers' telephones on a party line are bridged across the oirouit^the bells being 
normally disconnected. Each pa^y-line instrivnentscontaing a rela^ in series with a con- 
deoser,'' grid when ifitermittent currents pass through this relay it ci^ts in the bdl either 
between the A wire and earth or between the*B wire and earth. The two bells conned^ 



Fia. 32. —^Wbstbrm Elbotbio Co.’s Foub-Pabty Selbotivb Renoimo Cibodix. • 

to each wire respond to currents of different polarity. One bell only responds when ringing 
current is applied to a Wire. 

* • Frequency Party Lines.—The “ Leich ” selective system of the Aniericas Et^ric 
Telsphone Co. is a frequency system. Two frequencies are generally used, one 20 cycle and 
one 60 cycle. Two bells may be connected to earthTfrom each wire o{ thfe metallic dircuit, < 
fhe two on the same wire.responding to diffeifent frequencies. Advantage is taken of the 
choking effect of capacity and self-induction in a cil'cuit in relation to the frequency of an ' 
alternating current. The 1000-ohm bell of one instrument (Fig. 33) has, ri)erefore,^H series 



Fio. 33 .—Lbich Low- 
Fbbqubncy Instbuuent. 



Fio. 34.—Leigh HioJ- 
Fbequency Instbuuent. 


with it a 2000-ohm retardation coil and a 2-mfd. condenser, and tjje bm rpadiljr respdhds 
to the low-frequency current, but the choking effect of this circuit on the high-flequency 
current is so great that the bell does not ring. The other instrument (Fig. 34) has a 1000- 
.ohm retardation coil in parallel with the beU and a 0-3-mfd. condenser in series. This bell 
readily responds to the high-frequency current, but the 0-3-mfd, conc^phser does not allow 
the low-frequency current to interfere. ’ o • • • * 

The Harmonic'Party^Line System. — .^Ster work in this direction by Currijr and 
Bice in 1880, and Lighthipe ait a considerably latex*date, W. Dean,^or the Kellogg Com¬ 
pany) further developed this system alyiut 190jf, and, after forming the Drau Electric Co% 



« pLECflYB ‘SiGNAUilKG ONVpARTt. LINES 

f * ' • 

grafttly modified, and iiiQ)roved this in 1905. Mr Dean^ set himself the task of designing a 
party-Unei system witkout eai^h oonnietion|, “ no relays or adjustable springs, noMep-by- 
step mechanism, and^that the ringing of th4 bells should not 6e appreciably affected Ijjy either 



Fig. 35.—Dean Habmontc Rinueb. 
Normai. Position of Armattjae. 


the resistance or capacity of the line.” This system is based on the principle that'e^ery 
pendidum or reed has a natural period of vibration. Each ringer or polarised bell ha's'the 
rod carrying the hammer attached to the armature, which in turn is attached to the frame 
or mounting by a short flexible spring (JFig. 36). The hammers of the four bells used on one 



cFio. 36t—D ean Harmonic Ringer Armatures. ^ 


circuit are of yarying lengths, so that each has a different rate of vibrati^ (Fig. 36). The 
four bells tire connect^ directly across the loop with a^l mfd. condenser in series (Fig. 37). 
One bell will responS to another to 33J~, the third tq 60~, and the fourth to 66f~. 
In other systems, 20, 30,42, 64, and 66 cycles per secoilj. are used with five stations on a line. 
An S^arty line selective circuiC may <)e formed by connecting, four such instruments 
from the A wiib to earth and another four (from the B wire to earth. » 




T» motor-generator ,nay be used to give the difiengit freqAnoies! but the 

Dean iHftotno Co. now recommend their “ hammnio oonvertec ” as bdinTm^Sable and 


iwz 


Limr. 
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Fio. 37. —Dean HAsi^oifto Partv Line. 

* • • 

much more economical. This consists of foifr pole changing vibrators, each with a trims- 
fbrmer and condense to give the four frequencies? Am wij be seen from Fig. 38. the vibrator 
has a trembler bell action. On attraction and release, the springs make with different 



Circuit of Dean 6-Contact Type Harmonic Converter bhdv 
THK Connections to the Stobaob Battehy or a QoMwdk BattSby £ix^NO^» 


Si^WIMO 


oont%cts and aUow of currents opposite in direction passing through the tranrformer. The 

is controUed by mechani^l mea^’similar to 
th^ose ^ed m the beUs. The converter, when run from tji* 24-volt hatteryCtaWo-28 ampere 
to I 4-party line ttis no-load ftirrent is doubled- Where it is neoeLwy 

to ^nonuse still further^m current consumptfbn th% converter may be oontroUedby arelay 
which brings It into Use only when a key is depressed. The current taken is* then 24 mUlU* 
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amperes. In ^arge exchanges it is kept continuously running. This apparatus is also 
designed lor running irom primary htfuterieu. 'fa ** 

When run fronq the speaking battery^ a “ noise killer ” is introduced. This c^iisists of 
a high impedance coil B (Fig. 38), and a battery of dry cells, B*. '’The former is placed in 
the supply lead between the battery apd thb convertel-, and the latter'a tap to earth nearer 
thp converter. This isVonnepted.with the negative pole to line and (positive tp. earth, t.e. 
similar to the central battery. T^is primal^ l^attery is kept constantly charged by the main 
'battery, and absorbs aJl^the noisy back surgings that ?voul4 otherwise disturb the whole 
'sjlstem. • ' 

Cor frequency or harmonic systems it .is most important^ tiiat the ringing currents be 
correef, so that there is no interference or cawsing bells at stations (other than that called) 
to lie sounded. The Union Electric Qj. (iiOndon) have put on the mtg'ket the Hartmann- 



FiO( 39. —Haktmann-Kempf 
li^QUKroY Metek. 


t'lo. 40. —Hartmann-Kkmpf Fbeqtjency Meter. 


Aempf frequency meter, which is a direct indicating electro-acoustic instrument, with 
vibrating steel reeds arranged consecutively a^ a scale. 

* The general arrangement of the instrument depends upon the purpose for'which they 
are required. They are made up from a number of steel reeds, all of varying but permanent 
vibration rates.^ ^ a steel reed of this description is acted on by magnetic impulses, it vibrates, 
but qnly when a resonance action between its own vibration rate and the frequency of the 
magnetic impulse occurs. This vibration is rendered distinctly visible from considerable 
distaaoei by Attaching a small white tip to the steel reed (Figs. 39 and 40). 

' Tljecribrating ree^ corre8|)onds, therefore, to the deflection of a pointer instrument. ‘ 
As any periodic vibration will Induce resonance in the reeds, it is a matter of indifference 
whether the magnetic field is produced by allfemating current, or by interrupted direct 
current, qtA>^ periocfic movement of magnets. Instruments with their reeds arranged as 
*a scale can the^fom be uscid as frequency meters for alternating and interrupted direct 
current, tachometers, alld speed iddicators for either^ direct°or distant control. The circuit 
arrapgements correispond^t'O tho^ of a voltmeter. ^ „ 

^ Fig. 4l stows ifihe frequency meter used on the Dean systdm. The four groups of 
"five re^ of each series contain one I'^d for. the standard fftquenoy and two reeds 



















. dtiBdndiecI eloaely thereto. Each operate set is for a difierenl^ freqae^ — Via. 16}, 
88 }, S0n\ad 66}. * t * t, ' • 

. It well known^that in aooustioB partial tonel arise wl^n the base tj>ne is loud, and with 



Fig. 41.—HABTKANN-KsMFr FRBQmiNOY Mss?bb. 


r^nanoe-frequenoy meters the same action arises. * For this puiposa special circuit con- 
(Utions and arrangements are adopted which only a^mit of the actual prevailing frequency 
being indicated in this apparatus. Small variations from the standard frequency shown 
by the four other reeds in the group. The accuracy with which frequency can be adjusted 
on the master reed is extremely high, approximately 1 per mille. 
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Section* 17, 

SMALL SWITCHBOARDS FOR SUBSCRIBERS* OFFICES 

• 

The provision of equipment in subscribers’ ofBces that will nbt reduce the operating 
or transmission efficiency of the main system, but will co-operate with it as a fundamental 
part, has been one of the great problems of automatic telephony. , 

Tl)ese installations, as a rule, are comparatively small—'the bulk being undcSIr fifteen 
lines eapacity. In most of the small offices no regular operator is provided, so that'the 
service tends to be of an inefficient character, and, jtst as tl}e strengtji of a chain is* that 
of its weakest link, so the efficiency of a multf-office telephone system may be marred or 
greatly reduced by these small exchanges. * •> 

lliese sMutchboards have to provide fer interconnecting the offices oh a busin*^, but 
have also to connect these offices to other subscribers on the main sj^stem, fw outgoing and 
incoming calls. The comiection may be over extension telephones ip each ^ase, when, 
unless great care is taken, the main service may be prejudiced. As tlie clearing’or dis-’ 
connecting is initiated at one telephone, if^he receiver is not replaced proqjptly, ti&e plug 
withdrawn, or the key restored to normal, then one or more trunks or functions may be 
held Idle for an unnecessarily long period.. 'j- ♦ ■» 

Additional trunks may thus be.rondere^ naces|ary, thereby adding to the cost of the 
system, or an inferior service mustJSe given. . 

From the Public Service po^jft of view, these siAall installations phould be entirely 
automatic in«operation. The release of a connection tlirough the main office would then 
be instantaneous when the receiver was replaced, and the transmission efficiency wpuld be 
first class. 

» The Post Office have modified certain ^all switchboards, formerly ^used on^comman 
battery manual systems, to automatic workmg. , 

The principal modification consists in proviffing an impulse-dial in connection with the 
cord circuits, so that outward calls can bo originated at the switchboard. A^ the battery 
bridge is cut off the cord circuit, wh^ an extension is through to the esc^n^, dials may 
also be -fitted on extension instruments when required. , , , 

Pig. 42 shows such a Post Offi^ circuit far switchboards up to 26 lines capacity. 
At A is shown the exoh%nge fine circuit, at B the axtensuJn line circuit, and at C the'cord 
circuit. 
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r .A.,Exchp^e Lines; 


Lines from Exchange < 




B. Extension Lines. 


To Bell and Porter Zeae^ 
or Battery 


-, 

. Lines to Extension 

" fc ..._'_1_ — . 


—^ f W'/w/? private wire k tobe fitted the 
Porter Lead leads are to be earned through the , . 

or Battery contacts of a relay, the coil of nnick 
(IZr, mmitnum) /g to yg connectea to the sleeve dP' 
the Jack and to the porter lead, 



whilst operajln^ the Dial 




Rhi-back Key and will lie operaO^ whan. It ta desired to nng oaae on any /tnowa, 

Co^ ' * * I * ‘ 
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The circuits are numbered as follows ;— 

1. ^e calling circuit from the exchange on|i drop indicator. 

2. filing line fi;pm an exteftsidn on a.battei^ indicator. 

3 . ^ Alsentral call is ajiswered by the answering plug beidg inserted ill the jack XJ when 
the ’sjeaking key is oppAtei^ to conne«t up the attendant’s telephone, and the call indicator’ 
and condenser are cut off. After learning what extension*line is wanted, the calling plug 
is inserted 1ft the ext^aon line jack EJ and tlte key moved to the ringing position. 

4. A hofiiing^ circuit is then established to prevent any exchange switches being restored • 

to normal. Th^ 12-ohm rela;^ cijpfgises when th^ telephone is ir? circuit and also in this , 
circuit.. This cuts off the liye indicator. • ^ 

5. Ringing circuit for haftd generator. , * 

Whey the called party answers the connection is through from the extension to the 
central and the switchboard attendant’s telephone ^s fn parallel. The key SK is placed to 
normal. The 12-ohm relay has a non-inductive shunt in parallel, and these are in series 
in the talking circuit. , ’ 

Should the call be from an extension telephone for the central, the answering plug will 
be inserted in the jack EJ, and the^ihort-circuit about the 12-ohm relay and shunt opened, 
so that the relay energises from the local battery and cuts off the line indicator. Circuit 6 
of tli^ extension line is extended to the attendant's telephone over circuit 3. Thri calling 
plugxuill be inserted in the jack XJ and the speaking key SK and the. dialling key DK'be 
operated. The latter opens the circuit to the extension. , > ^ 

• 0. Circuit 3 of the exchange line will be Extended by circuit C to the attendant's 
telephone. The attendant will dial the number wanted by the impulse-dial DS, the switch¬ 
board receiver being short-circuited as usual during impulsing. 

7. When the called party answers, the extension line bell is rung by the hand generator, 
the dialling key still being depressed, if the calling party h&8,not remaintjd at the^ telephone. 

Current for the extension microphone is drawn over the exchange line. For local ’ 
connections, a local battery may be connected at the terminals marked -t- and —, or a battery 
feeding tine may be used from the central and connected to the same terminals. The 10-mfd. 
conddhser is then a shunt across the battery to prevent overhearing or othe? disturbance. , 

8. When a connection is between the ej^hange and an extension, the local battery is 
cut (iff as rel*y RS^is energised and opens the circuit to the cord conductors. 

When the extension receive* is replaced, the 12-ohm relay de-energise^ and the indicator 
is connected in circuit as a clearing signal. This indicator being across th^ foop, the central 
apparatus is not released until the plug is withdnawn. ’ • ^ 

9. For a local connection there is no Avire to the bush of the jacks, and, therefor^,’ the 

relay is not energised, and battery is fed to the cord conductors through the 80-ohm lyinciings 
to a retardation coil. ^ j 

When ringing current is supplied over a special leac^ frortt a powter-ebriveh sour.je, the 
circuit is modified, as shown in dotted lines and a? described on the diagram. 
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Section 18' 

SMALL SWITCHBOARDS FOR SUBSCRIBERS’ OFFICES, CAPACITIES FROM 
' 25 Td 60 LINES 

Fig. 43 shows another Post' Office modified common battery circuit for another range of 
equipments. A drop hidicator, (cch as shoV.n in Fig. 44, is associated with the exchange 
fine, and an eyeball indicator (Fig. 46) is associated with each extension line. For the cord 
qirouits the supervisory ‘signals are of tlje W. E. Co. dif^c pattern, which gives a negative 
signal, remaining energised during conversation. The latter are in series in the B conductor 
of the cord. An 80 plus 80-ohm retardatioii coil is bridged acniss the cords, with a relay in the 
thFd conductor, to tut off the local battery when the connection is between thi) exchange 
line and an extension, another ?00-rthip retardation coil then being connected in series in 
the bridge to increase the resistance and inductance. When the connection is between two 
exterfsion lines currenf; is fed from the local battery through the 80 plus 80-ohm windings, 
there being no third conductor connected to the bushes of these jacks. 

In the diagram A is the exchange line, B the extension line, C the cord circuit with 
im^pulse-dial. 

' Thii circuits are numbered as follow's :— 

1. Calling from, central on exchange line. 

'2. Extenshm line calling the branch office. 

3. Attendant answers the exchange call, answering plug in jack XJ. 

4. (Relay R4 energises and cuts battery off cord circuit. 

5. Attendant rings the extension line. 

6 . Through connection. 

7 . Bridge across t'alking circait, 80 plus 80 plus 200 ohms. This is connected between 
‘ the supervisory sisals S3 and S3'. 

When the extension receiver is replaced, ,S3' de-energises and gives a negative signal 
to clear. When the answering plug is withdrawn a clearing signal is given to the central. 

» 2. If the esU is from an extension line to an automatic central, the extension receiver 

is lifted and the indicator is displayed. 

The answering plug is inserted in jack EJ when the indicator is ^cut off. Circuit 6 
from extension telephone to jack EJ, then circuit 3 from answering plug tP attendant’s 
telephone ”are completed. > 

8 . Battery bridge across cords, there being no connection to the bush of jack EJ. 
Signal S3 energises. 

,' Calling plug inserted in jack XJ and indicator cut off. Circuit 4 completed and relay R4 
epiergises to out off battery (circuit 8). Bridge circuit 7 completed as before. , 

lyie rin^-brfek kdj’’ is opefe'ated^to open the line to the extension (circuit 3). The impulse- 
dial is manipulated to call the central lirfe. The speaking key may then be moved to the 
through position so that the caller may hear the reply, or, if he hasieft the telephone, he 
is recalled'by the riAg-back key. Circuit 6 is then completed. 

When one^exffensipi^line oall^ another, there is no bush connection on either jack, and 
current is fed to the talking micropliones ever circuity. Each line controls a clearing signal. 

< The .extension lines'should be of approximately equal lengtii so that all microphones 
c get equal curtent. ^ 



1 . 




Note.— To call an £xc/>mnge f19 the operate ivill ktep tha/fnswenni 

L NO 


- _ _. - , - Plt4{ in,tha Extension 

Jack, throw Listening Key, pnssDiallint and RmS-back K&i a^ocmted with the 
Answering Cord m uSk^ and dial, fy,chan&, M?. Tb°ring~back keep t/h) LrsteniiK 
thrown whilst operafyng tlmDiallirigarm Ring-htKk °Keu. W^n nwei^ngiKi 
suBBisg the cpnnections bet¥feen,tlre ‘ Ringing and'Diming and RiyK-atk°l 


, . operating ^ ____ 

supdfl^ the cpnnections between,tfre'Ringing and 'Dldtlirg and Rf^-omx-Keu 
a^ociated with each nCord Circuit ahouldrbitremairiti anartheeRfhgmS ContaAsoE 
*A» /-- whld^wlllbe fitted locally ahd%ir^das 


operated i 


I wjU^knowngis the •*Power Rmg-badt 
tsireer to "nng-back onany j^nswenng * 

* • * ■ * 

Pio. 43.—P.O. Sbmi-Aijtomatic ^witchbAa^s, 60 Lm»s Capaotxy. 
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Plan 

Fio. 44 .—^Two-Coil Lmis Ikdioators. 





' t 

c- 

‘ Fig. 46 shows a somewhat similar circuit for switchboards up to 65 lines. In this, how¬ 
ever, a(,condenser is fitted in the B conductor of the cord to shunt the supervisory signals 
S3 and S3', so as to improve the transmission, and to make the battery feed more suitabje 
for liites of unequal lengths.* Mofe detail is also given of power-ringing circuits. 

The circuits are numbered to corresflond with the previous one. 








- - — • 

th^ansm^piplu^In the Extension Jack, throve UstenlntKeu, areas DtaHme 
and Kmg-bfjck Key ^soc^ed vyiih the answering aud m usejnd cba/ Emhanfc N? to rln£ back, keep t/K uSSilnf kZr 

should be disconnected and a k^ fitted locally a^ wired as shownWd^ ^T^^ . « 

Fio. 46.— P.O. Semi-Automatic Switohboabd fob Subscbibbbs’ Offices up to 66 Lines. 
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Section 19.' 

t 

o6rdless switchboards 

•’ 

Pdst Office Cordless Bsanch. Switchboard^, having ‘a capacity of ten lines.— 

There are two pattemji of these,^one having ^negative clear ing signals'jand the other positive 
csignals. <' 

Fig. 47 shows the circuits of cordless boards with ^jegative clearing signals. The 
Vagram shows three connection-circuits, and these can he increased to five r one exchange 
lino, one extension line, and one main or attendant’s telephone circuit. Three exchange 
lines and seven extension lines is the usual capacity. Each exchange line has as many 
Bvntches K' as there are oonnection-pirciits, and one holding key. Eh^h extensibn line has 
as many keys K6 or K6 as there 'are connection-circuits, and a ringing key K4. The attend¬ 
ant’s telpphone has as many keys K2 as there are connection-circuits. Usually twin keys 
are used, two being thrown upwards for one connection-circuit and down for another con¬ 
nection-circuit. The main or attendant’s telephone set is equipped with an impulse-dial 
for calling subscribers in an automatic central, both for the maip office and for extension 
lihes. Current is supplied for all exchange connections over the exchange line. Current for 
extension line connections is supplied from a local battery or special feeder leads from a 
central. , ‘ ^ 

. At A is showiS the circdit for an exchange to extension-connection. At B is shoAvn J;he 
circuit for a connection between two extension lines. At C is shown the switchboard 

I . 

connections. 

The circuits are numbered as follows - 

1. (jailing circuitdrom central on drop indicator in branch exchange. 

2. Coiling ckfcuit from ex'tension, calling branch office on battery indicator. 

Attendant answers exchange call. Keys K' and K2 operated. 

4. If an<V!Xtension line is wanted, K4 is operated and the extension rung. 

6. When extension answers, K5 is operated to join the lines through. Supejrvisory 
■ signal S3 is energised and is shunted by a condenser. ' Current is from the central 
battery. ' 

• Should the attendant simply desire to ask a question to pass on t6 the central 6aUer, 

the holding key K3 would be operated to bridge the exchange loop with a 750-ohm retarda¬ 
tion call. , , . ' 

, K the call is from an extension line, indicator C2 energises. 

• 6. Keys K6 and K7 are operated to answer, and attendant learns the caller’s 

requirdinenfs. 

* I.tTheJkey of the othpr extension line, corresponding to K4, is operated to ring th’bt 
party, and thbn the key odrresptinding te K6 is operated to join the connection through, 
K7 then being released. 

8. Btitter^ jeering bridge of 85-f 86-ohms retardation coil and*supervisory coil S8 in 
series. The latter is shunted by a condenser. ‘ 

Cuireift is drawn *oter poweS^ leads or from a Ipcal ba4;tery. 

Fig. 48 shows the xtonneqjdons qj[ corffiess boards with positive clearing signal. The 
circuits *and, operation are generally simUar to those in Fig. 47. The supervisory signal 
is replaced by a relay which is energiaed^in the eonnection, end* when de-ehergised, on the 
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CORDl^ESS SWrrC^OARbS 
C! Circuit Connections. 


(Bell ntmus Go/^j 



Connecting 

I ■■ Uf % , 

On ^^bo^rdwhet^ 

{ S conn(Ktm£ cifvwts 
S ' are fitted an jnter- 
f *50*“ mediate horizontal 
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— c To , 
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Fio. 48<^P.O>:i^aot.ii88 S^^xroasoASDS wjxH Posinvx CiauBisa Siokau. 






trwo partigs oleanng, joins up the line signal (of th^ extej^on line in the/tase of an exchange- 
extension connection ^and that oi the caller in theicase of tw5 extension lines coinected) 
to act as Sioleaiijng signal. The relay 83 or Ss (with non-indftotive Bhunt)^s energised during 
oonversat^n. ,7 • , ^ ' 

Positive clearilig signal on indicator C2 when both extensions clear ind 88 
de-energisrai > 

9'. The clearing circuit is similar when the exchange is through to an extension. 
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BRANCH AND, OTHEH SJ^AlL 0FS’][C£S 
' S^f^tion 20 

BRANCri AND OT^ER SMALL OFFICES 

, 

These are variously knowif as Distridt Offices, Branch Offices, Satellite Offices,-Com¬ 
munity Exchanges, Private Branrth Offices (sometimes P.A.X., to‘4iitinguish ‘these from 
hianual offices which are usually called P.B.X.)- <■ 

Branch offices are a*highly-8pecialisgd part of an 4i{tomatic system, and considerable 
thought and care has to be given their design so that they maj^ not reduce the efficiency of 
the exchange system. As shown in Fig. 49, an exchange system has almost invariably a 
number of these sateUites surrounding each central office. , 

They frequently form integrp.1 pl^rts of the main system, and at 'other times they are 
tagged on. 

‘District offices are .frequently satellites to a manual system, when they act as feeders 
Branch Office A 



.Fio. 40 .—Cbnteai. Office with S.4TEt.UTB oe Beaech Offices. 

« C 

and bring into a largef office groups of linqs from an outlying part of the area. Such an 
'arrangement is eciftiomical in outside plant, because ten lines to the central office only -will be 
necessary instead of 100 that would be required jf all lines were carried directly to the central. 
In fact these ""district offices are often cut in on a few existing circuits, which then form 
.trunks, when, qwing to some new local condition, a considerable increase of subscribers’ 
lines is to be expected, and perhaps the pole route or existing cable is insufficient to accommo¬ 
date them. ^ . 

In Fig. 60 is shown a number of ways of working these offices, the adoption of any one 
depending on tlfe local conditions and the plant available. Many of the features are also 
applicable to lai^er offices, particularly enuring a transition period, or owing to unusual 
requirements.. 

, * Semi-automatic working .—^According to Fig. 60, the subscribers’ lines of A are con- 
Df ct6d to the plunger parts of line switches LS, the banks of which extend to the wiper parts ^ 
of seleelibrs at tfie central, ^he subscribers’ instruments are fitted 'u^th dials, so that by 
lifting the receiver a line is extended to th^centi^l, and by dialling a given number the caller 
can obtain automatic connection -with any line on the exchange. «The subscribers’ lines 
are also cmiAected l!b jacks, and, by the use of pliijg-ended cords, local connections are 
obtained. '^he«lnc6mi^g trunks ^d on plugs (or may end on jacks). At the central these 
trunks are multipled on rotary confiectorp' so that a*oentraI subscriber, or operator, can, by 
calUpg the associated nuluber, select an idln trunk to this branc^ office. A glo-wing lamp 
, will indicate ascall, tmd the plug be inseft^d into the jack of the line called. 

Such an arrangement is fn^pently deeiredin'a private^ office, becauSe the operator can 
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control ^he inward traffic and distribute it effejtivelj. She can tlKip prevent undesirable 
nulla from being put through ^o ;the principal, and give alternative connectioS when a 
partij^ular pai^y is busy, and the like. * *# , 

is shown an ,<ATangement almost the teverse of that in A. The subscmhprs’ line% 



are connected to jacks and the banks of connectors. The outgoing ^ruijlA en<i in plugs in 
the branch office and in the wiper* of a selector at the central. Lacal^ connections are 
completed by plug-ended oordtf. In spch an arrangenseftt all caHsTrom the Shbscribers are 
signalled to manual operators on lamps, or ojher ipdicatojs, and.a local connection is^com- 
pleted by a common b^terv-cord circuit. If the call is for a centraUline, jihe trunk plug 
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BRANCH AND. OTHER SMALL OFFICES 

' * t 

complete the connection by dialli^ the nujtnber wanted; alternatively, the opera^r may 
dial. A device may be inserled in tne trunk to prevei^t prohibited lines from obtaining 
connections in the central. The incoming trunks'ending on connectors'enables any Central 
subscriber to call any party in the branch office. f, 

Such'an arrangement is useffil for partially converting a manual'office to work' in Mth 
an automatic office, particularly dijring a tramstion period. . 

a At C is shown a branch office almost entirely manual, but working in connection with an 
automatic central. AU. lo^al subscribers’ lines end in jacksand QpUing signals.' The incoming 
^trunks are also similarly ended, and at thfe central end in ^anks of rotary cohnectors. The 
outgoing trunks also end in jacks, and at the central are connopted to the plunger pdrts of 
line switches. All coqnections at the branch Office are made by double plug-ended cords. 
The' operator may dial central conn^tions, or certain subscribers’ instruments 'may be 
fitted with dials which are used aft'er the Operator has extended the connection. 

At D C shown another arrangement in which the subscribers’ lines end in plungers of 
line switches LS, connec^pr banks, and also in jacks. The line-switch banks are connected to 
the wiper parts of the local connectors, so that any local number can be called. The tenth 
level of the connectors arc rotary, i.e. on that level, the wipers will step round automatically 
to fibd an idle line. This tenth level connects with trunks to the central, which end on line 
switches, or first selectors there. 'Kie incoming lines from the central final selectors tnd in 
jacks in the brarjch office, and are coi^nected to local lines by double plug-ended cords. 

. Automatic Brdnch Offices.—In full automatic branch offices with considerable loci^l 
traffic, an objectionable feature was tht utilising of an outgoing and an incoming trunk for 
a local connection. This has now been eliminated, and these connections may now be 
oompletbd locally without retaining two trunks in use for the eonncction. Where the 
number of local connections'is few^ the simpler arrangement is still to use two trunks. At 
E is shown a'brancb bffice in which the local connections do not use trunks. The subscribers’ 
lines ar«,.connected to the plunger parts of line switches LS, and to the banks of connectors 
C. The banka "ftf LS are wired to discriminating switches R, from which branches lead to 
the wipers of the' local connectors, and other branches to secondary-line switches ,LS'. 
'^hen a receiver' is lifted, the line switch LS operates to extend the calling line to the 
discriminating switch R. According to the vaiue of the first digit called the line will be 
extended to the central or to the branch office. A local calj or a central call is thus com¬ 
pleted automatically. Th^c incoming trunks at the central are multipled over banks of the 
last selectors, apd>at the branch-office end on the wiper parts of connectors. 

At ST is shown an arrangement which usually goes by the name of district office. It 
simply consists of a detached part of a central office equipment located at some distance 
therefronl. The subscribers’ lines are connected to line switches LS for outgoing calls, and 
to^he b^wks oiconnectprs for jpcoming calls. The LS extends the local lines to first selectors * 
at the bentral, which in turn cuntmand tjie whole exchange. The incoming trunks are 
multipled over the banks of the last selectors at Ihe central, which may be rotary in groups 
when the numbel' jf tfunks are few, or they may be on rotary connectors. At the branch 
office they end on»th» wiper parts of connectors. The whole operating is therefore automatic, 
but two trunks, an incoifiifig one aifd«n outgoing one, are involved in each local connection. 
As, however, these district offioe% are mps^y feeders to the central, there are only a small 
percentage of Ipcal caUs, and frequently these are in the evening and of the nature of social 
calls. The trunks can then be spared, af\(ji the equipment is keftt in its simplest form. 
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I ^ 

Current feeding or charging is usual^ automati(^ and fault-indicating devices at the central 
show '\s^en local troubles occur, ^so fnat these are rarely visited by the* technical sthff. 

Thei^ o£|ces ai% frequently used as feeders to mani^ offices, and this is indicated 
at G.» Two district offices are shown. The "Outgoing lines end directly in j^oks and 
callihg. signals. Th^ mcoming lines lend at the manual office in the banks of line Switches,* 
the plungers of whi^ <are conpected to jacljs. This ,is to render it unnecessary for the 
manual operator to test for an idle trunk to a district office. On the insertion of t^e 
calling plug, all idle line autematically selected. In respcyise to a calling signal,* 



the operator will insert an answering plug in the answering jack, and, as required, insert 
the calling plug into a jack of a trunk to the same district office, to another distAct ttffi^. 
Or into a jack of a line in the manual exchange. 

Other arrangements can readily be designed to mee): particular requirements. 

Manual Branch Offices worked without Operalors .—Such an arrangement is sometimes 
useful. The work may not be sufficient to render an operator’s service* ecOnsmioal, or it 
may be expedient to close down an office for, say, two-thuds of the tweMy^four hours. 

Such an arrangement is shown in Fig. 61 . T^ie loctll Imes are equipped with the ordinary 
manual instruments, '(he local lines terminate iniline sviitches "LS, and the bapks of con¬ 
nectors in the branch office. The line-switch multiple is extended th the>wiper parts of 
local connectors and, in paraUel, with'seoondsTine-swi'^hes SLS; The multiple of these 
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' SLS are connected to wrvice trunks tp the jiiain office, where they end in keys anc^ lamps, 
the former*^, when operated, cohnecting the( service trunk po the operator’s telephone circuit. 
For local calls the luting of the,teoeiver glows a'lamp at the central, when,the p^erator 
(Jepressesitbe key to connect up her telephone. She then dials back,over the service trunk 
the local number wanted, which rctuates the connector, picked Up bj^ the caller, to conhect 

with the line wq,nted. ThV second line switch 
is then released and the service dine made 
available for«otheF calls. 

When a call is made from 4 Ibcal iine for 
A main office numbfer, the operator takdb the 
nirtnbers of the catling and called lines, calls 
‘ the number wanted, then, with the other plug 
of the pair of cords, connects with a trunk 
leading to connectors in the local office. She 
then calls the party who originated the call by 
a calling device in the cord. 

The main office may have associated with 
it also one or more automatic offices to which 
the closed branch office can have connection. 
This is also shown at H. Local and incoming 
calls to tlie branch office are shown for fouf 
• digits. Calls to the manual main office are 
Office obtamed by calling one digit. 

The local lines end in line switches and 
the banks of connectors. The LS banks are 
multipled to first selectors, the banks of which 
connect with trunks to the main office, where 
they*end in jacks and calling signals. For out- 
X~1 Rev'^ going calls from the central, plugs are inserted 
® ® • in jacks the lines of which end in first selectors, 
whfch extend the line to second selectors, then 
to connectors, in,the well-knoifrii manner. 

Small Central Offices. — ,At Fig. 62 
shown diagrammatically a central office 
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Fio. 52. —TypicAl.*‘**C:oMMiiSiTy ■■ Kxchange. 


suitable for a small town in a popiilous but scattered area, requiring various kinds of 
service to meet the public needs. There will be direct lines from the business and better- 
class residences, and 4- and 8-party lines from smaller properties, or from further afield 
when a ^irect line«wouVl not be economical. Further away still may be, small manual and 
automatfe offices having inconung abd outgoing trunks to the central. All the incoming 
lines connect on line switches first, the multiples of these connecting^ith first selectors. 
The selector, multiplesfconnect with two groups of connectors from Afferent levels, and 
another level connects with vertical and rotary switchel Rtv., which are used for revertive 
caUs, i.e. calls to stations* oTi the same part^ line as the callef. A rotary ringing switch BS 
works in connection with these. , , , 

llie conneqtor multiple of the tenth level connects with automate offices, through 
which the caller dials extra digits to call a pgrty therein. The ninth or offier level may be 
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reserved for trunks to manual office^. Eight-party lines utUise the same level of both groups ' 
of Mnflectors for selective ringing (this is really|the*roason for dividing into t'w^ groups). 
One or l^^th ^vided groups sui!Sce for 4-party lines. The frequency used on party lines if 
16J, 33, 60, 66. Oh^-^'np.rty lines two bells of each frequeney are fitted,t>ne of each reoeivins 
a code rlhg of single slrokes, and the Rthers douljle sl^rokeSf • ’ 

The .other level* are used for direct line^ and the, seventh level of the left-hand group 
are shown jnultipled tb the sufiscribers’ direct lines ana*4-party ifnes. The eighth level is 
multipled to 8-party lines. .The niuth level to manual office outgoing trunks, and the tenth 
level to automatic office outgoing trunks, those passing through repeaters R. 

Such a system is kn«^n as a community ^exchange in the United States, and further 
reference is made to these later on. 
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r Section 21 

fc 

BRAI^GH SWITCHBOARDS IN 'SUBSCRIBERS’ OFFICER 

In tfonnection with automatic branch sjvitchboards in subscribere’ offices in this' country, 
the Post Office has specified (as qpoted belpw) what, traffic facilities must b^ ^provided. 
These, practically, limit the use oVautoma'tic switching to local calls only, all,calls to and 
' from the main office bein^ completed by an attendant. , 

As something like 90 per cent, of these switchboards'are equipped for fifteen lines and 
under, there will be no inducement to prefer p,n automatic installation, because the attendant, 
who must be provided for the calls over the public exchange, might just as well occupy her 
timft by completing tie local calls. ^ ^ 

In many cases no regular att(;ndant>wiU be provided, and the duties of supervising the 
connections and freeing the junctions for further calls will devolve on the office boy, or other 
irresponsible person who, when available and so disposed, will perform the necessary acts. 
The subscriber must, therefore, be content with an inferior service or provide a regular 
attendant; but, whilst he may be content with the former; it must at Jhe salme time be realised 
tha^ the whole telephone service of the area is depreciated, because every call that is not 
cleared promptly not only holds th^local junction occupied unnecessarily, but every junction 
^nd subscriber’s^line Involved in the connection suffers. " 

To provide for^supervismn on oWgoiiig and incoming connections, repeaters, or con¬ 
densers aiid impedance coils, have to he introduced, and the transmission must necessarily 
suffer, and this will be particularly felt when two extension lines are talking together over the 
main system. H the transmission efficiency of two direct lines talking together in the same 
office is taken'hs 1, theii the efficiency of two branch lines talkintr through a main office is 
^equal tp 3. • , • * ‘ 

Tl?c automatic service described is more restricted than that of any other known 
Administration Almost invariably outgoing Automatic service is given, and incoming 
service is fairly ccfmmoii. In the latter case particularly, but mostly on the larger installa- 
"Ifions, the subsenber often prefers that the incoming calls shofild be sifted and distributed 
by the local attendant. In the small installateons it should be in the interests of the sub¬ 
scribers and of the Administration to eliminate the local operations entirelyv'—frorii the serdee 
point of view. 


AUTOMATIC P.B.X.’.S—TRAFFIC FACILITIES 

t Exchange Galls .—These calls will be dealt with by the P.B.X. telephonist, who will 
comidet^:— 

(a) An optgping gall—by plugging into the exchange jack. • 

(6^ An incoming call—b^ Plugging injo the jack directly associated with the required 
extension. This action shall engage the assooiatfed multiple on the automatic equipment. 
The qitpuit krfai^ements shall be such that on calls made to the nllinual board :— 

(c) (i.) The calling extension shall be able to rele&se the connection before the P.B.X. 
telephonist atiswers. _ ^ 

(ii.) The insertion oi the apsweriqg plu^ shall place the calling extension under the 
control of'the J*.B.X. telephonist and prevent the connection being‘’relea8ed until the plug is 
* withdrawn from the answering jack. 
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(u^) pie mahuai telephonist plug into the multiple jack of an engaged lind without 
breaking down the connection on the automatm ftAniifTimAiif. €nr 4’.1 ia fiiiimnao r\4 o^OTinir ftn 
exchange or other call. ^ 

' (iv.f ThAu^ sig^ling between the extengion telephone and the phblic exchange is not 
required? The P.B.Jflf telephonist «fiU control the coimection and obtain swtchhook’ 
supervision from thetentension. 

Z^ g'aZZs.—Local caUs shall be completbd automatically. *The engagement of an 
extension line on the automatic switching equipment shall engag® the associated multiple' 
jack on the manual board. 

BMk Release.— ' Backirelease ” conditions'^shall be provided on local calls only. 

DiaUxng Signals.—TYic giircuit arrangements shall be such that, when the calling suD- 
BcnbOT sdine engages a connecting circuit, an uninterrupted signal shill be given to indicate 
that falling may bo commenced. This signal shall *eon«nue until the first digit has been 
dialled, and shall not thereafter be connected to the circuit until the connection has ,been 
released, and the connecting circuit taken into use for another call. • ' ’ . 

Busy Back Tone. The circuit arrangements shall be such that, whenever a connection 
in progress finds (<f) all outlets, or (4) the called subscriber, to be engaged, a busy back signal 
shall be given to the cmling subscriber. In systems in which continuous hqnting facilities 
are a^rded, the busy signal should not be given undei;condition (a) unless this Condition 
conUITiues for approximately 30 seconds on any group of outlets. ’ " 

^ Audible Ringing Signal.—TYio circuit arrai^emerlts shall be such that— 

(o) On all local calls to automatic extensions, jvhere the connection has been set up 
and the ringing current applied, a ringing signal shall be transmitted to the calling suosoriber. 
This signal to continue until the subscriber^nswers. ' , 

(b) On all calls dialled direct to the manual board a ringing signal shall be transmitted 
to the calling subscriber from the time the collection is fie® up until the.telephonisl^ replies, 
to the calling signal. 

Dead-Level and Dead-Number Calls. —The circuit arrangements shall be «uch that when 
a “ Dead Level,” “ Dead Number,” or a faulty line plugged out on the main frame is dialled, 
the calling subscriber shall be connected to a continuous tone signal which Vill be known a^’ 
the “ Number Unobtainable Tone.” , 

•Night Exteifttion Facilities. —Arrangements shall be made for extending any of the 
exchange lines to any extension line during night or any other.desired periods when an 
operator is ribt at the manual board. The arrangement shall be such that, the calling signal 
and supervisory signal at the public exchange are controlled directly by the extension ’ 
subscribers’ telephone loop, and that it can be effected by direct connection between jihe 
exchange line jack and the subscribers’ jack on the manual board by means of a corvl circuit 
which will permit the cord circuit being used in the ordinary manner, or^as a,straight ^hrough- 
connection cord cirdbit. 

Arrangement shall be made to ensure that vrxifpu cwiaj' lUlC IS BAI UAIllIiCWOU tfO 

the public exchange, this line shall test busy on the automatic switch. ■. , 

Extension of Alarm-Signal Circuits to Manual Board. —Alarm sigiJais shall bV provided 
tor the effective supervision of Uie working conditions o| >he automatic equipment. 

The alarm-signal circuits shall be extended to^he P.B.X. manual board, where they shall 
terminate on suitably-designated lamps, located at Ae top of the jack figld. 
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, ISegtion £l • 

1 

AUTOMATIC DISTRICT OliFICES IN CONNECTION WITH MANUAL ^TOTEMS 

^ ^ ^ § ft 

In •existing manual systei^s modified automattc district jgtatbns may be useA -with 
advantage as valuable adjuncts, either to avoid expensive underground cable work, the 

< t I ^ ^ i « 



• Fict . 53.—Automatic Disthict Station Subscbibeb connected thbouoh to a Manual 

Office Subbchibeb. 

4 

r 

provision of new manual plant, or expensive additions to existing plant of limited capacity. 
The insttipnents^ on^Buch an automatic equipment would be of any*of the well-known 
patterns without ttfiy autoniatic feature whatever. At the district station they would be 
connected to line switchds, such ds,have already been described for outgoing calls. At the 
manual exchanges these junction lines woVtld end on the usual line and cht-ofi relay, answer¬ 
ing'jack,‘and^ calling lamp, or on a single-cord equipment, like manual incoming junctions. 
On the removal of the receiver to calf, the line,switoh would cenncfet, with a.^sengaged 
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junction instantly," and the line lan;i^ would glow, and the operh^r would compete the 
oonneotiAn in the usual way, the service being absylut^y similar to a connection iif a purely 
manual exchange. Hg. 53 shows*sudh an arrangement on the A. T. M. Co. (A. E. Co.} system. 
For ouj;g(%ng dhlls from ^he manual exchange an operator would havd*, in addijtjqp to tbe^ 
ordinary double-cord a sii^itch to coimetjt up §. dial-calling device, b^ which, 

after mekki^ the collection, she would call t]^o numb^ required in a manner similar to a 



fia. .’54 .—Mantjai. Office Subscriseb through to an Automatic District Subscriber. 

Direct Working. 


subscriber calling oif a full automatic system. ,A11 th» lineS in the district station are 
multipled on to connector banks to allow bf them being called. Fig. 54 shows such an 
arrangement. The above method supposes a complete multiple of Ij^e {a&iiual exchange 
to be available. Another method is "to multiple the outgoin^f junotfoas oyer the manual 
board and on to a controlling operator's position^ which \nay be^.'^ay from liie multiple. 
This operator would have a key in each junction to^switcl^in the,dial-calling device and a 
lamp to indicate what linSs were engaged. A manu^ operator receiving»a caH for a disAict 
station number wouIJmomentarily connect her tfilb^one to a call or order wire, and inform 
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the confrol operator the number wanted. ^ That operator would allot a ‘junction, to which 
the manhal operator would inake connetrtion. The cdntrollihg operator would call by the 
dial and ring the subscriber wanted, and the manual operator would supervise the connection 
by the qoifd lamps in the usual way. The withdrawal of the plugej^ after the clearfng.signals ' 



Fio. 56.—-A Manual Ofpici: Subscriber connected to a District Station Subscriber. 

A TO B OPEiiiUroR Working. 


were obtained will give the signal “ junction disengaged ”*to the controlling operator and 
automatically yestore all apparatus at the district exchange to normal. Fig. 1)5 shows such 
an arrangement.* It will be readily understood that two district station subscribers can be 
connected together by the circuits already de.scribed i)y the use of two junctions, one incoming 
and ontf outtrointr. 





Tnks, fixtmMain Office LmeSvrs, 
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Section^ 23 

A.*E. CO.’S MAIN AND DISTRICT OFFICE ALARM ARPARAT.US 

S*’ It an anan|ement of trunks between two flistrict offices and a main office. 
Rg. seA shows a itethod of ^peryismg a dtetrict offie^irom a tes# desk at the main offioei 

1. li there is a fault on an individual circuit R' energises. • 

2. R2 energises (the 26-ohm lylhy does not energise in series i^lth the 2000-ohm coil). 

* Main Auto. Office. District Office A 20» 

---^ _ w . Capacity 300 


b ln. 
fffSe/. 


•20 Tksj io Mm m om'ce * j_ fL- 

^ I ISTka.-to District Office A 




Connectors 



16000 


20 Tks, to'Maiti Office 


Di^ricto ffi„«.ggg'^ ; 


J ^l^Sel. 


Repeater 


16 Tks. to Dkt^ct Office i * 


Repeater l/neStv. • U, 


liG. 66 .--Distbict Ofi-ices—Unattended (A. T. M. Co.). 

i Ra^holffi^Ji-ciht'^*’ commo* alarm relay R3 energises. 

5. Alarm circuit. 

6. Fault On a common circuit R6 energises. 

7. R7 and R2 energise. • 

given.’ energises, locks, and allm^ 

The red lamp indicates that urgent attention is required. 

DiaUing a particular number will find out which circuit requires attention Ijf 
generator fault, a dupUcate ipachine may be hwitcted into’circuit by diaUina. 
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A. E. 'CO.’S MAIN A]p DISTRipT OmciE 

* 0 ft 



Fio.' S6a.—M41N AND District Offtob Alarm Ar^TARATcs and Method of Sdfekvxsing 
FROM Tester’s Desk at Main Office. 
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' Sectioii ^4 

ipRANtiH OFFICES—FULt AND RESTRICTED SERVICE 

Branch ofSces in a muki-ofSce system may be of,considerable size and contain tielectors 
as well as connector^ . , ^ 

In Fig. ^7 is shown, in outline, part of an A.'T. M. C6T arrangenlent in which the brano^ 
ofiSce has selectors, repeaters, and qomiectors. The main office n^y have first and second 
selectors and connectors. * • 

Tke circuit also shows a,piethod of preventpg certain lines in the branch office having 
connection over the trunks to the main office? 


Sucb restricted service is frequently necessaay ii^ connection witli what are sometimes 



knoA^oi as F.A.X. or private installations in works, warehouses, and the Rke. In such it' 
is not advisable to allow all the lines to have^exchange facilities, and means have therefore 
to be found u> prTwent them enjoying facilities they are not entitled to. . 

The subscriber’s instrumerit, line switch, and selector are of a wdhknown pattern. 
The line switdh holding coil is now, however, shunted when the line with whieh^it is associated 
is to have full service. Lines which are to have local intercommunication dhly are not fitted 
with this shunt. 

The circuits are numbered in the order of operation and are as follows ;— 

»» 1. When the receiver is lifted the line relay LR energises. ^ , » . * 

2. The line switch LS energises to force the plunger uit« the bank contacts a&d the 
master switch rotates the plungers until they are opposite* the next idle trunk. 

3. It is assumed that the first digit has been, called and the line extended to^th^,repeater. 

Belay IB energises. • 

3'. Belay C energises when relay IB first energises., 

4. Holding circuit. Belay B4 is marginal, fi the shunt r is not across the LS winding, 
then it energises only sufficiently to close oon&ct a. When the sVunt s is added*relay*B4 
energises fuUy. 
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• ‘ * * , , 

6. When R4 is partially energised, a bijsy signal is given the calling subscriber, informing 
him thatf connection cannot be made witih the main office. • 

6. When R4 is fully ener^ed, the line is extended to the first Selector in central 
office. ,I^lay IR there energises. , ' , 

Sedcmd digit impuleea. —Rjplay JR _ de-energiifes according impulses. 'Circuit 6 
opened. First selector at central e:ftend8'linp to second selector. . • ,. 

, 7. Relay R7 ener^sed for d\fration ol impulses. Opens circuit *6 towards the nn.lHTitr 

.subscriber. , • , . • 

8. Impedance coil IC short-circuited so as not to inftjrfere with impulses! 

, Third digit impuUea. —IR* of second q^ector operated ttuough the repeater to*extend 
the line to the connector. » , 

• Fourth and fifth* digit impulses actuate the connector in known manner. ‘ 

The local office is operated by three digits. The selector connects with the local office 
or oeptral According to the level called. 
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Section ^25, 

^ BRANCH OFFICE?-FOR.DIRECT AND, PARTY LINES 

In tWs A. T. M. Cp^-arrangement, the connector by the aid of an alixiliary awttch calls 
into a group of 300 lines. Each connector at a .branch office has a one co-ordinal s-witch 
associated with it, -nftuCh is actuated by the £rst digi-Ui^ipulses. ^he connector has three 
sets of -wipei's so as to ha-v^e access to three groups, of 100 lines eacn^ one set of wipers being 
connected up at a time by the auxlliaiy switch. • 

Line Switch (^nnector. 



Fio. 58.— Branch Office with Direct and Party-Line Connector. .SCM^Lines Capacity ' 
• BY Auxiliary Switch. * • 


If the first digit is 1, the auxiliary switch a,»6, c, d (Fig. 68) selects th^first set of -wipers 

If the first digit is 2, it selects the second set of wipers h, j, k 

* If the first digit is either 3 or 4, the switch a, h, c, d sejects tlje tl)prd,set gf wipSts 

m, n, 0 . These have access to a group of 100 2-party Jines.» One or other of theVinging 
generators G' or G2 is brought into use according to the‘digit dialled. 

If the first digit is 6, the switch a, b, c, d moves to its fifth, or to a 9u1)se(j^i}ent set of 
terminals, to make direct connection *to an idle trunk line, such as p, ^le%ding to the main 
office. The second, and further, sets,of impulses are^rSpeated Ixi*a sele^a at the main 
office, without actuating the connector at the lotJ^l office. 

Local connections to direct or individual lines. 

A calling line is extended in a manner previtfdsly described. 
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1. impulBe relay R' energises. 

2. Sfow-to-de-energise relay R2 energises. 

3. On the first impvlse the slfiw-to-de-energise relay 113'energises fdt the duration of the 
^impulses. ^ M3 enei^ses to step the auxiliary switch to either the first or' second, set of 

connects wipers. ^ ' V. • * 

5. After the impulses R3 de-enefgises. I{5 (high resistance) energies in series with M3, 

_ which does not energise*' * ‘ 

6. The second set of, impulses are repeated throUgk R3, v/hich now Controls the side- 

* switch magnet StSM6. , «■ 

,7. R3 energises for the duration of thp impulses, an4 thf •Vertical magnet VM«of the 
connector steps-up the shaft and wipers to a c^irresponding level. 

» After the impulses R3 de-energis^s and the side switches move to their second'position. 

8. The third set of impulses pass to the rotary magnet RM. R3 energises for the duration of 
the li^pulses and closes circuit 6 for SSM6. RM rotates the wipers to a corresponding terminal. 

After the impulses'R3 de-energises and, if the called line is idle, the side switches move 
to the third position. 

9. If the called line is busy R9 energises, in series with SSM6, oyer wipers b and f (or j). 

«. 10. ^Holdyig circuit of RO and SSMO. 

11. ‘Busy tone to caller. , v 

, J2. If the line is'idle, R12 energises and connects the line through for ringing. ' 

13. Ringing circuit to called subscriber. R13 does not energise until the subscriber 

answers. , ^ 

14. Rl3 locking circuit. Circuit 13 opened to cut off ringing. 

15 Lines cbnnected for talking. ' 

16. Back-bridge repay R16 (battery feed) connected to line. 

. Lqpal conn^tipn to party lirtes*. —The operation, generally, is the same as just described, 
but the^first digit impulses move the switch a, />, c, d to the third or fourth set of terminals, 
both of w hich are connected to the third set of bonnector wipers. 

17. If the switch a, h, c, d is moved to its fourth set of terminals, R17 is energised in 

'■Venes with R6. ® 

18. Ringing generator G is connected to line. G' or G2 is used accordingly as the digit 

IS 3 or 4. ,/ . . 

Ou^oing caUsf to main oj^cc.- The first digit called is 5, which moves the Switch a, b, 
c, d to its fifth of terminals. * 

19. * R19 enef^ses over the side switches in position 1, and over the h wiper. 

^ . 20. R19 holding oireuit. R19 prepares a hunting circuit for the switch «, h, c, d. 

. ?1. df the first main ofifice trunk p, q is busy, M3 is energised and advances a, b, c, d 
iliitil an^idle .tnyjk i§ found, While the switch is passing over busy trunks R5 is short' 
circmted by the earthed test viper, c ; but^when an idle trunk is reached, R5 energises and 
opens circuit 3, so that M3 de-enefgises. * 

22. '^^je Qutg 9 ingtrunk is bridged by an inductance RC22. Subseqdint sets of impulses 
are repeated over tb/ trunk by R'. 

23. R3 energises fdr the duralipn of the impulses. 

24. Impulses over trunk R(;[22 shoijt-circuited. 

•Mam* office trunks may have access for'incoming calls over line switches C' to local 
‘connectors. . . 
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Sectio^ f26» 


GOVNECTIONS BETWEEN LOCAL LINES IN *A BRANCH EXCHANGE 
• . WITHOUT UTILISING,TRUNKS THROUGH THE CENTRAL 

Id lafge exchai^e* systems^ consisting o^one or u^ore large central offices and smaller 
offices, it has been the usual custom for connections be^^ween two^local lines in one of t^je 
small offices to complete the^ connection through a 
central office, thus using an inc<ftning and an o*t- 
going»junction between th^two pffices. , 

Apparatus and circuits have been de^fised to ^ I 

make thfe connectio^j entirely locally and to reserve ^ 
the junction lines solely for inter-office connections. 

The arrangements are still somewhat expensive and 
utilise the junctions momentarily whilst initiating 
and building up the connection to some extent. 

As shown in I’ig. 5,^, a multi-dffice system may 
consist of four large offices, shown at the corners of a rectangle, connectsd togethei* by 
incoi^'iig and outgoing junctions, shown forming the*sides of* the rectangle and alsp by 
diagonal lines. Radiating from each large office may be a number of smaller offices 



Scheme, 


Fig. .59.—Mutm-OFFiois Working. 


lines to Subs , 


lines teSube, 

. 


Repeaters IX 



Fig. 00.—Satellite Office. 


Pig. 61.—Main Officf.. 


System with Switching Repeaters (A. T. M. Co.). 

connecting only with one large offic# by junctions, but having servicdk through that office 
with the whole system. , , , * * * • 

It is assumed that five-figure calling is r^qmrejl to cojiplete.a connection between any 
two lines. The arrangement of apparatus and junctions is shown ffiagr^mmaticalty in 
Figs. 60 and 61 for a satellite and a main office^tyith facilities for local inter-connection. * 
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f r ' . f“ ' ' ' f 

Th^ satellite is shown at Pig. 60^ and ^be main or central at Pig. 61." The subscribers’ 
lines in the former are s^own connected tb line switched and to bank contacts of co^ectors. 
The banks of the line switches are multipled to‘repeatters.^ These repeaters do repeat the 
impulsei^. but are r^ly discriminating or determining means to extend the calling lijie to a 
' junctiorfto the central, or complete tl^e connection locally according' to the value'of one or 
more of the prefixing diuits. It wiH be noticed that these repeaters.ht^e lines te secondary 
Ijne switches, the banka of whicli'connect'to the wiper parts of connectors qn which the 
local subscribers’ lines *,re multipled. The repeaters ^ have also linos to secondary lino 
f'switehcs, the banks of which are multipleri to junctions trf the central office, where they end 
on first selectors. The banks of these fir^t selectors are_ mujtipled to the wiper parts of 
second selectors, which in turn are multipledHo third selectoas whose banks connect with 
connectors to reach the subscribers’ lip.cs ef the central. ^ 

The main exchange is equipped in aisomewhat similar manner, but without discriminat¬ 
ing mean^.' The line switches extend the calling line automatically to first selectors, the 
first digit extends the 'line to second selectors, the second digit extends the line to third 
selectors, the third digit extends the line to the connectors, which in response to two 
digits connect with the chosen line. The value of thc'third digit det^^mines whether the 
coiuiection is to be completed in the main or in the branch office. 

^ The*^ circuit accordingrto Fig. ,02 assumes that the branch office has under 10(1(1 lines, 
9 .nd that the number* allotted to it are from 11,000 upwards. The numbers in the maid office 
may be 22,000 upwards. " (. 

In Pig. 62 the subscribers’ instrument and line switches are not shown and may "be 
read from any other circuit. The line switch bank springs are shown on the left. 

Tke circuits are numbered in the order of operation and are as follows :— 

Calling a 8ub8cribe» on the main offijce. 

1. r When the receiver is lifted,‘the line is extended by the line switch to the discriminating 
switch,., Relay IR energises. 

2. Guarding relay G energises. ' 

3. Holding circuit of the line switch. 

4. Relay R4 energises. 

5. Secondary line switch (not shown) eiiergises, to extend the calling line to a first 

selector in the main office. / ' 

6. Loop cirouft in which relay IR' of first selector energises. 

Relay R4,d«e8 not energise, as the current in the two windings oppose each other. 
R6 epeigises. * • 

, First digit impulses. —Relay IR responds intermittently. 

3. Vertical magnet VM energises to lift the shaft, but this is functionless, as it can com- 
p'lete no«circuit on thjs level ^ Gircuit 6 is opened to repeat the impulses to the main office 
selector. • . ^ ‘ 

8. Relay R8 (slow to de-ener^se) is energiSbd for the duration of the impulses. Opens 
one side pfc the t^kiyg circuit and short-circuits the upper windings df relays R4 and R6 
to lower the resktatfee to impulse currents to relay IR' of selector in main. 

9. Escapement mdgflet EM^yergises. After impulses R8 and EM de-energise, the 
latter moves the side switches t<} the sego^d ^sition. 

*At tfie n^ain exchange, at the same time, the side switches (TTe moved to the second 
'position ; then the rotarv masnet. actiflif automaticallv. stens the wifiers to an idle trunk. 
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theV]ilrd|K)8ition, and the line is extended to a 

Sesond digit im^aea.—Tie impulses are repeated wis before, and the vertical and 

extended to a»third selector. The 
fun^^oSe^'** thy##!toh, which-fs now acting as a repeater, is also actuated 6ut is again* 

The magnet EsJ M)tH as beWc to move the side swathes to tl;|^ third position. 




js. _ka 




^nii. 





tio. fi2. Connections in a Branch Office without urmsiNo I'runks through 

THE Central Office (A. T. M. Co.). 


Relay SR is connected to battery by the side switches, but is functionless at present. 

Third digit impulses.—The repeater acts aer before on the third selecW to extend the 
line to a connector in the main office. 

Fourth and fifth digit impulses. —The connector extends the caller to the caiiled sut- 
soriber in the main office. 

To Complete & Local Connection —Number to he called, 11,220. When a Mceiver 
IS lifted to call, the line is extended to the Selector in the main office as before (see circuits 
1 to 5). 

7. First digit impuhes. —IR d#-energises intermittently! The "aerucal magnet VM 
energises to lift the wipers to a local working level. SidS switches t>ass to’seoond position. 
First selector in central extends line to a second selector. ^ 

10. Second digit imfiuhes.—RotAiy magnet RM energises and stops wipers* round to 
first terminal. • • • * • 


0)Qk 
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r - * ' 

11. 'Circuit, through wiper d, re^ay B^l, and mc^net EM energise.'' EM cannot de¬ 
energise dSter the impulses to move the sfee switches td third position, but Rll enefgises. 

12. Relay Ell looking circuit. - • 

13. (Engaging cflrouit (no circuit over .wiper e, as the side switch is not in the third 

position). r 

Line to central extended to thp;d selector. 

r Third digit impulsJ^ . —Wipers* stepped round over two more terminals, yrhen wipers 
o to e make contact with terminals f to k. After th^ impulseathe side switches are moved 
f to the third position. e 

<Line to central extended to connector.. 

14. Secondary line switch of local office esiergised to extcr^ calling line to an idle con- 

neCior, which has access to all subscri|)ers’I'lumbers beginning 112. ^ ■■ 

16. Relay SR energises. * 

‘1/5. Cafling line extended by wii)ors a and b to called line. Repeater de-energises and 
releases line to, and all lj,pparatu8 in, central office. 

17. Holding circuit of relay R17. 

18. Holding circuit of relay R11. 

'■ The fourth and fifth digits operate the local connector as explained elsewhere. 

(In this, and a few other cirevits, an older form of switch is referred to, see Sections 
9 and 10, Vol. I.) 
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Sectioh|27* 

ANOiHERtMETHOD OF COMPLETING CONNECXIONS LOCALLY WITHOUT 
U^VG TRUNKS TO THE CENTRAL OFFICfe 

* , • • 

The ^^uipmentihtf the brajich office of lipe switches for the local subscribers’ 

. lines which* are multipled to connectors and secondary* hire swiAhes associated with t^e^ 
trunks to the central office.. The fftst and second selectors fos extending the incoming* 
trunks from the branch office are^ocated at th^ central. This arrangement deals with small* 
exchtfhges, particularly thiTse known as P.B.X, The local number will therefore cansist 
of two digits. These are, hnwever, prcfixed’by another digit, which represents the number 
of a level on the firsit selector at the central, res^rvej for this particular service, and which 
is left insulated. • • 

Fig. 63 illustrates the arrangement, the circuits of which are numbered in'tjie order of 
operation, and are as follows :— ,* 

The subscribers’ instrument and line switch are not shown. ’ The multipled banks of 
the line switch are indicated on tHe loft. 

1. When the receiver is lifted, the line switch is operated to extend the line to’tho 

im p,^e -relay IR of the connector. • 

2. The guarding relay G (slow to de-energise) energises. 

3. Line switch holding circuit. . / 

4. Secondary line switch iSL8 is operated to extend the line to a first selector in the 
central office. 

5. Loop to selector in central. Relays R5 and IR' energise. 

6. Locking circuit of LS. Relay R6 energises. 

7. Locking circuit of R2 (independent of fhaster swifcR MS). 

8. Locking circuit of relay R6. , , 

. Any subscriber in the central office ma^ now be called, relay IR repeattng the impulses. 
Relays R5 and IR' operate together. • , ^ 

9. When relays R6 and IR de-energise when impulsing, R9 energises and opens the’ 
condenser circijjt (C, O') for the duration of impulses. 

* 10. iShort-oitcuit of one winding of R5 to reduce resistance. 

The cuyuit 9 is alternately kept closed by IR and R6. 

Fbr a local connection, SLS must first be energised. 

The first digit will raise the wipers to the dead level of the first selector in tho central, 
and the wipers attempt to rotate. The side switches are then in the third position. «No 
circuit is completed and R6 de-energises, circuit 6 is opened and SLS de-energises. * • 

• 11. Relay R11 (slow) energises. SLS magnet does not get sufficifnt eurrent trj energiSe. 

Second digit impulses. —IR intermittently (^e-energises. * * 

12. Relay PMR energises for duratiorl of impulses 'and vertical magnet VM energises 

and lifts shaft. PMR de-energising, releases side switches. ^ , • >. 

13. Magnet PM was also ener^sed for duration of impulses amS new, de-energising, 

trips side switches to second position. • ^ . 

Third heed digit impulses.—BAny IR deienergjses intermitt^tly. 

14. Rotary magnet RM steps wipers round. PMR and PM energise as.before. After 
impulses PMR and PM ^tep side switches to thijA Jiosition. 
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t *' 

16. ReUy RR interipittently energised to ring Bubetiriber. 

16. Rfiiging circuit to line. 

Called receiver lifted. < 

17. Miprophone‘Current circuit. Relay,BBR ent^rgieed. 


Connector. 



FJio. 63. —(lOCAp Connections in a Bbanch Office without usino Main Thunks 
; r (A. T. M. Co.). 


18. Short-ciromt about R18 removed. R18 energises to cut off ringing by opening 
circuit 16. CSrcujt I/”also opened to prevent re-ringing should BBR de-energise. 

To dear ., ‘ < * » 

Calling subscriber replaces receiver an^IR de-energises, then Rll and R2. 

19. Release magnet Aci. energised.* Sha^t falls and breaks normal contact SC, and 
breaks holding*circuit, etc. 


♦AUTOMATIC TELEPHOI^ SYSTEBIS I? 

• Sectioii ^8» 

A BRAP4CH PFFI(5e CALLING LoCaLlY WITHOUT’.USING CENTRAL TRUNK 

(WITH .ROTARY SWITCH) 

A rotary Bwitch^istUsed iu^combination |vitlf a selector at the branch office. In this 
circuit (Fig. ^4) the op»ation of the rotary line switch is 8.* describeA on p. 43 of Vol. I. ^ 

On lifting the receiver, tlie calling line is extended to the selector and the rotary switch 
(C ) selects an idle trunk to the %iain office. ^Tlae impulses of the first digit operate the 
selebtar shown and also a fifgt selector at the m^in office. If the level to which the wipers 
are raised corresponds to a branch office numbfir, the trunk is at once released, and succeeding 
impulse^re received on a selector and conncctorWn tlje branch office over a local circuit.’ 

If the level first selected corresponds to a main*office tiumber the selector shown takes a 
single rotary step only, and subsequently acts as a repeater to repeat the remaining, impulses. 
Busy tone is given if all the trunks {o the main office arc busy. 

The rotary switch has no normal position, and is arranged to take a step forward when 
released, so that, shfiuld a caller ha^e been connected with a faulty line, he can, by replacing 
the receiver momentarily, immediately comiect with another idle trunk. 

lye circuits on a local call are numbered as follows 

1. \V hen the receiver is lifted, the caller is extended to a selector iri known manner, and 
energises. 

2. R2 (guard) energises. 

3. Polarising circuit of R3 (this is neutralised by circuit 0). 

4. R4 energises. 

5. R4 locking circuit. 

6. Rfl energises (line relay of rotary switclf). 

7. RO locking circuit. ^ ^ 

8. Rotary switch stepping magnet SAWi connected to test wiper. Thft rotary switch 
advances uutU it finds an unearthed test terminal of an idle trunk. R0 has been short- 
circuited over circuit 8. 

9. R9 enerases, opens circuit 0, and RC slowly de-energises. 

50. RKf, ofim idle trunk, energises and engages the trunk over circuit 8 to earth. Earth 
is cut off the starting wire 0 of the group of rotary switches. Earth reiUMns connected at 
some other point while a trunk to the main office is idle. 

11. The vertical magnet VMll is energised »n the first series of impulses. 

12. R12 energises in parallel with VMll. < 

The windings of R3 and R18, in circuit 0, are short-circuited to give the impulses axilear 

path to trunk over a and h. ^ 

13. Impulse cirAiit to trunk referred to above. 

After the impulses R12 de-energises, the rotary relay R14 and rotary magnet RM16 
eo-operate in known maimer to rotate the wipers. 

14. If the first trunk is busy, Rl# energises. 

16. BM16 energises, and the wipgrs take one stej)? Circuft 14 is opened and R14 
de-energises. Circuit 15 is opened and RM15 cje-enqfgises, %nd so on. At the first energisa¬ 
tion of RM16, circuit 8 is opened, but R4 remains energised over* the ^wiper c. ’All 
the terminals are earfSied xm the levels seitung thgh^ond selectors of the branch office. 















16. 'When the test wiper d reAoh^ the unea^hed t^irminal of an idle trunk, the sadtohing 
relay Rio energises (in senes with*R14 which Aies not energise)‘a&d opens oiAuit 1, so 
that R'-de-energises • then R2, Re, R9, and RIO de-energiae. In the internal between the 
de-energisation of the last three relays, earth, over circuit 8^ is connect^ to M8, to step the 
wipeffc to* the next truiik? • ‘ ’ * * • 

A Galhto the h|aln Office^.— The operations’ are ^similar to those described up to the 
point whereyihe selector shown takes its first rotary sty'll. R4 tAn de-energisM, because 
aU the terminals’corresponding to main office connections are bla£. R14 circuit is open 
at R4. R16.circuit is also open,^nd the rotary anovement is brought to a stop at once. 
Relay.R' is in circuit, so th§t succeeding impulses are repeated at contact y (circuit* 13) 
over the trunk a,b. . * 


17. Vhen the call is completed and answered th| reversal of curfent in the trunk m, b 
causes the polarised relay R3 to energise, because the currents in the two circuits now assist 
each other instead of neutralising. R17 then energises and reverses the current td (ihe calling 
station. 


Bu/iy signal when all trunks are busy. 

If all trunks t<f the^main office are busy, no earth is connected to the wire ch and no 
circuit is completed when R' is energised. The switch 0' is not set in motion., • 

18r When R4 de-energises, busy tone is through RJ.8, which vibrates and iriliuces a 
tone in the lower winding. " 




A P.B.X. CONNECTOR/ACCESSIBLE tO OkDlNARY SELECTQRS; AND 
; < ^ TOLL OPERATORS 

Usually a toll connector is a 8 S 09 iated'wit?)i a group of ordinary coij^nectors. ^ In P.B.X. 
pr other satellite office, e^ipecially Vhen these are small, it may be advisable to use connectors 
capable of performing bi/th functions. According to this new> circuit of the A. T. M. Co. 
(Rg. 66), when all lines of a P.B.X. group are busy, a busy’tone is given to the caller without 




FlO. 65.— P.B.X. CONKEOTOH USED EBOM SBIiECTOR OB OfEBATOB. BuSY TeST OlVBN WITHOUT 
Huimiio IF All. Likes IfcsY (A. T. M. Oo.). 


the wipers steppi^ oveiVany terminals. Also, if the toll operator waits on'the line, the 
connector will seize the first line that becomes idle. 

.Thb circuits^are numbered as follows 

' 1. When a line is extended by a line switch and selectors to a connector, in known 
manner;'B' energises. 

2^ Guard relay B2 energises. 

% Release trunk and hdding •circuit ^ade busy. 

TAc subscriber ivds jar the brunch office .—^Terminals a, b are the first line of the group. 

4. VM4Bto;^athe wipers to the desired level. B4 energises for the dufation of the impulses. 

5. On the firslrmp circuit 4 is opened at the cfif-normal contacts, and 6 completed. 
After the impulses, B4‘'d^-«nergi^.and opens circuit 5. 

Next digit impulses. . t « , 

‘ 6. Bld6 ^teps tile wipers to the P.B.X. No. 1 terminal. B6 enfergiseafor the duration of 
the impulses. 
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7. J^7 (slow) energises. j 

8. R7 looW^ circuit. ' Aft^ the imp^dses R6 de-energises. 

lo» «. » 

No. 1 Irmk ta^.—Privato ternunal e i. torthcfo’. 

10. R9 energisesi * i * , . » 

11. RM3 energises and opens circuit 10 of the inteiruuter mtlv Rq ^ ■ * 

H the W-mJ i, crthad. Bll« again a„„gi«„ In ciLlt lo!^ again .iJ'tS'ZSf 

- "z° 

13. ^12 looking circuit. • Qrouit 6 of RM6 is opened at 6' 

14. Busy signal to caller. • • 

tJiAn if'r+jf ^ ^ to the last series «f impulses 

^en earth would be on the first extra, test contact, as the BCO relay of ^ach trunk is eneJmsed’ 

Tke^.nector can be taken into engagement by a toU operator over wires x v z 

16. R IS energised in series with the windings of R16, v^hieh is differentially wound aid 
does lyt energise Jurthei connections are as above up fo circuit 15, ajl trunks busy. * 

17. hhort.-circmt about the lower winding of R16. CSrcuit 14 comnleted i, * 

Ctaul. 6 npnn. Holding oiroui. 13 oLpletW 

fr., nt ■ holding circuit, over wiper e. R12 is thus energised only so lont as all 

n m from.wiper e. If the second trunk now becomL idl ” 

wteh will 1e->«»gi». and oompleto clroni, 6 to fcn,«l,o-BM6: 

to EVlX"f *” »' -“""<1 trunk 

20. R9' locking circuit. 

21. Wiper / made busy. 

Circ,fif2fo'^fd.‘^'''*"‘ ^ subscriber answers. 

^3. R23 ener^ses over loop. Connections reversed to R' 

24. Botli windings of R16 short-circuited. 



88 OPERATION OF ONE-DIGIT G|lOXJP CONNECTOR 

^S^tion 30 ! 

OPERATION OF( ONE-DIGIT GROUP CONNECTOR; SELECTIVE RINGING 
WITH SUPERIMPOSED CURRENT; RELEASE WHEN fL^ST PARTY.H^NGS 
UP. A. T. M. CO. ‘ ' 


This circuit shows few access is given to a large group of lines'on a plurality of levels 
without hunting over levels in which all lines are bu?iy.‘' , ' 

The circuits of Fig. 66 are numbered'^n Ahe order of operation, as follows 

' 1. When a calling line is extended to the switch R'(A) enet^gises. 

2. The slow-to-release guard relaj' R2(B) energises. ' 

3. Earth is connected to the release tfunk to hold the preceding switches ener^sed. 

^Firut at. tenH digit impulnes, ' 

i. When R' dc-enprgises, when circuit 1 is opened, R4(C) energises, for the duration 
of the impulses, and the’.vertical magnet VM4 steps-up the wipers to the digit level. 

5. A J mfd. condenser in series with a 10-ohm resistance to earth, at the winding of 
Ri(C), prevents excessive sparking at the contacts of R'(A). i 

The 150-6hm non-inductive winding on top of and in parallel with the 4-ohm winding 
of R4 absorbs the injfuctive kick. ® 

fe. The off-Hiorrpal springs ON close on the first vertical step. R6(G) is energised for 
the period of vertical impulsing. ^ • , 

Thte 1300-ohm non-inductive winding on top of and in parallel with the 200-ohm winding 
of R6, prevent^ excessive sparking at VM4 intejrupter springs during impulsing. 

7. ' Excessive sparking at springs of R6 are prevented. 

8. After the djal impulses,, R4 de-energises. R6 holding circuit. 

9. * If all the lines in the first level are busy, all chain relays are energised, and R9 energises. 

TO.* When^the vertical wiper finds an earthed terminal, RlO(E) energises. 

11. VM4 energises, to step the wipers to the next level (the automatic vertical impulses 
cannot operatetuhtil the dialled impulses cease, because R4(C) is energised). When VM4 
energises, circuit 8 is opened, and R6 de-energises. If this batik contact is also earthed, by 
all l^es being busy, circuit 9' will be completed, and R9' energised. R10{F‘) will be main- 
iained energised oyer circuit 10-10', and R6(G) will again operate, when VM4 closes cirduit 8, 
which again energises V]fi4 over circuit 11. 

AU trunks fyisy. 

Tf all the levels associated with this gloup of trunks are busy, the wipers will be lifted 
to the Ipst level, which is not provided with earthing chain relays, and there is, therefore, no 
eart£ on terminal 10". RIO(E), therefore, de-energises slowly (due to the induced current 
in thtf closed cirduitS-6 of fts 1600-ohm winding). 

f2 (partly over 6). Dunng tjle brief period that the VM4 springs are closed, RIO(E) is 
kept operated.. Before RlO releases R6(G) wdl again opera°te, when circuit 8 is closed at 
VM4, and be"'held ^er circuit 8. ^ 

13 (partlycover ly. jWhenIJlO de-energises, rotary magnet KM 13 operates, and opens 
circuit 8 so lhat R6 de-energises. 

14. If the first rotary line46e busy, R6will again operate. If all the trunks are busy, 
the wipers will rotate to the eleventh gt^. R6(G) cannot again operate, because there is 
no earth for circuit 14.. The sh^ft now cUses thdeam springs. 




Earthing and Cham Relays on 
Private Bank. 

l 'Bamk multipled as usual. ) 




a? 3? id'll 


^level ^ ^ n 

« rirs/i 

1?P Level -1 -I 


Busy Level 

2SX lo'nBankContact, 

10 Cham Relays i \(^ Vertical Wiper). 

hcham Relaus 3 


Conventions and Notes. 

AUJBw/tch Wlrjni to be h?2f^ S.W.G. Switch Wire 
Rea, — Earth Leads. • 

White — Battery Leads, 
act. Green — AH other Leads. 


(^pper 5/t/rf on Heel End oFCoH. 
H Copper &uj on Arm End of Coil. 


^ 2 3 S nGhmnReiat^ 3 f i Copper &u$ on Jrm End of CoH 

1 11 , 1,8 8 S ann-> Relays. and Copper Sleeve on Cqi^, 

X denotesinnercndofCoilnMini. 


" • - ^ 

Last levelsi In each ^roup not equipped with, chain 
and earthing relays lor busying level, 


Off Normal 


K) Chain relays and 1 e^tnmg relay commt 
level and multipled to aU connectors In unit 


common to each 


juatep to operate w 
rertical Step, Just 
Doume Dog ^fs in, 


Above arcuit shows 1 group consisting of 3 
levels. , 

Pig. 66.—ONB-DIGIT QxoUP CONNBCTOB CiBOUrC. SsIJICTiyB BiNGVIC^WITH SbOFBIUMPOSBD 
Current. REUBAaB wren*Last Parjy hangs up. (A. T. M. Co.).* 
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01»ERATI0N or ONE-DIGIT GROUP CdNUtCTOR 

15. »BuBy tone to^rejay D. 

16. Ihduced busy tone to caller. 

An idle line in the group. • 

' If ttere is an idle line in any level the vertical teoninal for that level is not eaHhec^ and 
EIO(E) (le-energises. Before RlO has.had time to de-energise,‘R& will again energise, and 
look itself over circuit 6. Circuit 13 js coihjileted when RlO de-energlsct, and the'first rotary 
^ep is made. RM13 eurgising, opens circuit 8, and R6 de-energises. If the first line is 
busy, R6 energises in cirSuit 14. RG energises, and the Votary‘magnet mates another step. 
This cycle is continued until an idle line fi.e, one without earth) is found, when R6 will not 
be eperated. , , * < 

17 (partly over 6). R17(H) energises over winding of called party’s BCO r^laj' and 

battery. ‘ 

18 (])artly over G). R17 lockihg circuit. 

'M. Direct earth to busy called line. 

20 (partly over 6).',R20(J) energises. 

21 (partly over 6). Alternative earth for release trunk, to provide for “ last party 

release ” feature. ' • 

*' Circuit 4 is opened, to prevent VM4 being wrongly operated. 

, Ringing. ' « 

22. Intemyited 'ringing current to called line. 

23 (partly over*22). Rin^ng tont through relay D. 

24j. Induced ringing tone to callers receiver. 

R22 does not energise until the called party^lifts the receiver, because the copper sleeve 
on the'core m^es it insensitive to ringing current. 

Called' subscriber answers. 

When the recefver is lifted,'l£22 cnergisds, during the silent or ringing periods. 

2^. ,R22 locking circuit. 

26. R26(D^ energises, and feeds battery to'the called party. 

27. Current^cversed to the calling line. R' feeds current towards the calling line. The 
talking circuit includes the two 2-mfd. condensers. 

28. Start relay circuit for booster metering. 

t 29. Holding circuit for relays R22(r) and Rl7(H), sl)ould the callet clear before the 
called party. • * 

Receivers replaced after conversation. 

Thfc connec^on is released when both parties replace the receivers. The caller, by 
replacing, can restore his fine switch and the selectors, but not the connector. 

SO (partly over 4). Caller’s but not called party’s receiver restored. R' de-energises. 
lt4(C)f».ergi8e8 and <^en8 circuit 21. R2 de-energises and opens circuit 3. Thus, moment 
tarily,cthere is no earth on thb release trunjc, and the preceding switches restore. R2 opens 
circuits 4 and 30, and R4 de-energises. Earth is then replaced on the release circuit, over 
circuit 21-i29,«sd th^the connector is made busy to other callers. * 

31. When the (felled ^arty now replaces the receiver, the release magnet energises, to 
restore the sv'itoh to normal, when^the coijtaots ON are opened. 

Excessive sparking %t the»ON springs (is prevented by the 600-ohm non-inductive 
winding on tfip rele&se magnet. 

Supervisory circuits. 



*AvtomTiG, -if'' 

n <4ie called party replaces his lyceiyer, and tlie cAller does not,.I^6(D) de-eneigisee. 

32. If the calle( does not replace in ^ pre-determined time, a visual and au<fible signal 
is given. • • * 

,33*. Jf the caller replaces, and tho called party does nojb, R2 de-eifergises. ^'signal is 
given as before. ^ • • 

In both cases tile relay is common to a gfoupof svyii^hes. 



»2 F^AL SELECTORS FOR WORKING IN BRANCfi OFFICES 

* Section 31 

. 

FINAL SELE 9 TORS FOR WORKING IN CONNECTION WITH SRANCH 
i ' • ^ OFFICES (SIEMENS) 

The final selector (connector]t.^aT P.!&.iK-''working is an ordinary final selector, such as 
described in connection ^th Figs. 67 and 68, Vol. I. When used in the prpsent application 
it has, in addition, an eanh-connected metal arc tapped ^ accommodate a number of screws 
whose centres correspond to the bank contacts (Fig. 67, Vol. II). The screws project from 
the’inside of the arc and over them a double ^iper passes. An additional relay to coutiiol 
the drive circuit is also fitted. * / 

" The double wiper is so arranged tfiat i^hen one wiper is resting on the screw correspond¬ 
ing to the nymber dialled, the other wiper is resting on the screw corresponding to the previous 
numUer. “ _ . 

Screws are inserted, in the holes, corresponding to the lines of P.B.X. groups, except 
the last line of the group. When the first line in a P.B.X. group is dialled, the first or loading 
wiper is resting on an earthed screw, whilst the second, or lagging, wiper is disconnected. 
Under fjiese conditions a drive circuit is closed and is maintained until a free line is, found, 
or until the last line, in tKe group *is reached. There being no screw corresponding to the 
fast line, the circuity of the relay closing the drive circuit is disconnected, and the switch is 
stopped on that line. Should it be bi!^sy, bdsy tone is transmitted to the caller. * 

Night service is given on all lines in a P.B.X. group, except the first. Should at any 
time a P.B.X. line be dialled (other than the .first line) the final selector tests that line, 
and if "busy dents not drive on, but gives busy tone to the caller. 

Lines in one P.B.X. group ^ust be consecutive and on the same level, but there are 
no othbr limitatidhs. P.B.X. groups can be immediately adjacent, or be interspaced with 
ordinary individual subscribers’ lines. ^ 

Operation of calling an individual subscriber’a line. 

Fig. 68 showd a final selector circuit for individual lines and small P.B.X. groups. The 
only variation from a standard individual line final selector diagram is shown to the right 
of contact N2, including relay R21(PR) and tBe wipers. , , 

‘ 1. The preceding selector tests over the C wire and the holding relay R*’ energises. 

2 . R'(N) holding circuit, to make it independent of K'. 

3. The tedti^ relay at the preceding selector extends the A and B wires to the final 
switdi. * R3 energises over the B wire. 

< * 4. Dialling relay R4 energises. 

, S. the tens impulses are now received. R3 responds to these. R4 remains energised 
for tha Qurafion*of the impulses. The vertical magnet VMS steps-up the wipers to the 
correct level. . " 

‘ 6, At the l^t step the K contacts are operated. R4 is maint|iined over circuit 6. 

At the end of *the tr|ia R4 dy-energises. , 

7. Guiding,belay )17/G) energises, and transfers the impulsing contact A* from the 
vertical to the rotary magnet. 

8. J R4(D) again energises. 

' 9. B7(Gf holding circuit. ^ 

10. The units impdses are /low recenred, add RMS steps the wipers round the arc. 
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At the Jirst step the W contacts arq operated. 1^4 maintained en^gised over dirouit 6. 
At the end of the iigpulses circuit 6 is opened, and B4 de-energises. * 

11* Ciirciiit 9 is opened and, Huring the slow releaAe of R7(6), the called line is 
tested.* ^ Should the, c^ed line be 
Rll(T) energises in’ series with the 
selector T.relay, ovir the C wire. 

12. Rll(T),holding circuit. This low 
resistance circuit makes the called Ifbe test 
busy to other switches. 

R13(S) energises. *• • 

14.^Ringing current to Called line. 

1 Ringing tone to caller. 

When the called party answers, R 14(TR) 
energises. • 

16. Short-circuit about R13(S), so that 

it do-energises and, opens ringing ^d tone 
circuits. • 

17. R14(TR) holding circuit. 

(Jircuit complete for conversation. 

Called line husy. 

• R11 does not energise, because the C 
wire is either disconnected or connected 
to battery through a low resistance. , 

The release of R7(G) opens the testing 
circuit 11, to prevent the operation of Rll, 
should the line subsequently become free. 

18. R14(TR) energises. 

19. Busy tone to caller. Contact TR 

(short-circuit 16) operates to guard relays 
R14(TR) and R13(S) against the release 
of A,3. R3 js^lisconnected when busy tone 
is applied. • 

Releama —The final selector is released 
when the C wire (circuit 3) is disconnected 
at the preceding switch. R' de-energises. 

20. Rll de-energises. Release magnet 
M20 energises. The selector returns to 
normal and restore^the K and W contacts. 

• Circuit 14 is opened at, W2, and thq 

release magnet circuit at K2. Batt«ry is 
connected to the C wire at K'. * 

Circuit Operation of Small Groups of P.B.X. Lipes (Fij^ ^).' *, 

First line of group free. —The fiu&l selectosi responds to the tens and udits impulses, 
and is stepped to the firqt line in the group in a mariner idehtical to that above described. 

21. When R4(n) de-energises at the end of,tJie units impulse train, Bil(T) and'the. 
extra relay B21(P1^circuit is completecf. If the ^t ling is idle, Bll energises and, at T', 
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opens circuit 21 so t|iat B21 does n4)t epergise. In t^at case the connection is ce^pleted 
as descriBed for an individual line. , , 

If the first line in the gro^ftp is busy, Bll does riot energise, but B21^BVefiergi8es, 
its’circi^ljbeing coriipleted ovef the screw in the P.B.X. arc. , ^ < 

22. B7(G) holding circuit, to maintain the circuit of the tesling' relay Bll dining the 

search for a free line. Contact P,B^ is o^enAl, and disconnects the' lagging wipar, which is 
only required for night lonnecting. _ * ^ • 

23. Botary magnet KMIO energises, and steps thd wipers ;^und the level, each line being 

tested. * t 

• Oik the first free line III 1 energises, and opens circuit i21, st) that R21(PB) de-endigi»'.'>8, 

and opens the drive jircuit. ^ ^ 

• The subsequent operations are similar Vio those described for circuit ■! 1, “ Called line free.” 

All lin^ in the group busy'. —^The'switch will then drive until the last line is reached, 

when R21 (PR.) will de-energise, because there is no scre\i' for that line in the arc. Circuit 23 
is opened. i, 

Circuit 22 is opened. R7(G) de-energises, and the subsequent, operations are as 
described in “ Called line busy ” above. • 

* Circuit (Operation for Night Service. —Each line, except the first, is available for night 
service, and connection therewith is obtained by dialling its particular number^ The 
operation is siipilar to that of an individual line, described above, since relay R21(PR) is 
rendered inoperative, because of the^short'-circuit over PR3 to earth, at the screw in the 
P.B.X»-arc corresponding to the preceding line. 

Operation of the Final Selector for Lar^e P.B.X. Groups. 

The finaVselector is similar to that described for small P.B.X. groups, but the pro¬ 
vision of two additional relays,, and a rotary release magnet, enables the switch to return 
to a rtitary normal position, ani step-up tb and search along the next level. When the 
switch has searched over a level, in which all lines are busy, it rotates back over the level. 
As soon as the rotary release is complete, two impulses, one vertical and one rotary, are 
given, which st^p the switch to the first line of the next level, and searching is continued. 
Thus the switch can search over all the ten levels, if required. 

Night service, i.e. the facility of calling any line of the group without searching, can be 
given on all lines the group, except the first line in the group, and thfe first line in each 
level. • 

Circuit Operations (Fig. 69).—Only the additional circuits are numbered in this diagram, 
with>a few others specially referred to. Forthe general operation, Fig. 68 must be referred to. 
. • When all the lines in one level are busy, the switch drives to the eleventh contact. 
!p«lay R21(PR) de-energises, because there are no screws in the arc corresponding to these. 
The dji-fe-cirt!uit^23 is openM and R7(G) released. 

M. Rll(T) and R24(P?1) e^rgise ip series. R3(A) de-energises and remains inert 
until the switch reaches the first line in the next level. 

26. H26fPt^em*rgises in series with the holding coil of R24. 

26. Contaqp PT4 (24^) opens^the circuit of Rll(T), which de-energises. 

Botary 'release magnet BRMil6 ene^ses, amh the switch is returned to the rotary 
normal ppsition, when the W contacts seturmto normal. 

* 27. B24^8) fs disconnected, but remains operated sufiScientlv long for B4(D) t6 
energise. An impulse is now givpn to tlie rerticaPmagnet VMS, over OTCuit 6. 
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28.^R4 de-enerpses, and completes a circuit fdr R^! 
m o^T^tea to give an impulse to the rotary magnet. 

'TK •'Ptair off-normal contacts W are now operated. *R4 de-eneiwises also R26rPTl 

as akcidy de^riber ""I g«>«P- « 

p"b ^•r«-'*’K«P*>-ation is similar to that descrihed WsAaU 

P.B.X. s^^en a suutch iS^standing on the first line in a level, the wiper to which P^ is 

UkTth’^^l” ® I* tl*refore. that thTfost line of a feveT 

like the first Ime of a group, is not available for nigBt service. • 
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* Section 32' 


. AN/* ALL-RELAYSYSTEM PARTICULARiY APPLICABLE TO SmXlL 

NSTALLATIONS 

$ 

In small offices, simplicity o:^ apparatus and circuits ii$ essenupi. 'iin ajj-nuay sysT)em 
Httains simplicity of apparatus at the e^^pense of multi;^lication of relays ^nd complication 
of circuits. It will be noted from the diagram that the ^reaolection of an idle connection- 
circuit to join two lines together is most ^mple and efficient, but that the connection-circuits 
are'oveiburdened with relays, which might be Readily replaced, *to a large extent, by a sin^ple 
stepping device. Thip circuit is interesting in showing how tlfe cycle of operations in four 
relays energises a relay for every impulsl of a digit, so that this relay can biS^ade the 
connecting relay to the called line. 

The Arrangement is must suitable fur small exchanges having a capacity up to 28 lines, 
but may readily be iiioi;eased. The diagram shows the circuits of a 19-line switch having 
three “ connection-circuits ” to allow of three simultaneous coiiversatjons. These can be 
.i^ reased as required by the traffic. Fig. 70 shows the A. T. M. Oo. circuit. 

Th® calliilg line switch directly connects a calling line with a connection-circuit or trunk, 
and has no intermediate circuit or*testing apparatus. It is a true preselector, as the trunk 
to be connected to is, determined by the prior connections, and is instantly completed without 
the aid of common apparatus. £ach«line fs equipped with as many simple relays as tli«re 
are tninks, one side of the energising winding being connected to battery, through a contact 


on the guard r^lay, and the other side coiuiectqd to earth, when the line relay energises on 
a caU.* Tbe connection to the relay above is through a back contact on the lower relay so 
that when the lower r^ay energises, it cuts off earth from those above, so that they do not 
energise. If the lower relay fails to energise, because battery is cut off at the guard relay, 
then th* relay immediately above will energise^ and so on. There is in addition the usual 
line and cut-off relays per line. For incoming calls each line has a relay associated with each 
connection-circuiL and these relays also act as counting relays in a manner to be described. 

Each connection-circuit has six relays for battery feed, ringing and control, and four 
repeating or impulsing responding relays whi^ operate in a cycle in such a lyay that only 
bne relay per impulse is required. Alternate counting relays arc connected to different 
energising wires ^rom the impulse relays, which are associated with odd and e.ven numbers 
of impulses, an^ numbered 1 to 9 and 01 to 00 in a 19-line equipment, to agree with the 
subflcriSers’ numbers. Relay 0 is a switching relay to bring into operation a second holding 


•efreuit. 

t)t£er features will be described in tbe operation of the circuits. 

ThS circuits lire nuihb^d in the order of operation as follows :—, 

F. When the receiver of S js lifted .R' energises. Assume No. 1 connection-cirAuit 
bu^, theCt is, circuit 2 open. Assume No. 2 to be called. 

2 . CbnnSctidg raiay B2,energises. 

3. ImpulseVind fqpdcrelay I^ energises over loop. 

4. Guard relay B4 energises^ Circuit 2 is opetlbd and connection-circuit 2 is made busy 
to other ceJIers. ^ 

’ 5. Cut-off relay B6 energises. B' ^^-energises. 

6 . B2 holding circuit. * * 
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7. Repeater relay ^7 energises. 

8 . KT holding circuit. 

9. Impulse relay B3 de-6nergise8 on first break atrdiaf. B9 energises iojr tb^ duration 

of the impulses. , ' ' 

9'. New path to battery. 

10. First counting relay RlO energises; fllso BIO' to open circuits 7 and 8. ,The latter 
Remains closed over 9'. 

10 *. BlO holding circuit. 

11. Repeater relay Bl 1 energises. Opens circuit 8 and R7 de-energises. Opens circuits 
10 and 11. 

12 . Bll holding circuit. 

13. R3 re-energises at the end bf^the first impulse and R13 energiii|es. Circmt^2 open. 
Bll de-energises. Circuit 13 ope^ied. 

'M. Ri 5 holding circuit. 

End of first, or odd^ number, impulse 1. 

15. B3 de-energises bn break at dial for second impulse, B16 energises. 

16. B15 holding circuit. ' , 

17. Second counting relay B17 (even) energises. 

. 18. 'r 17 holding circuit in series with BlO'. Circuit 10 open and RlO de-energises. 

' ,B3 re-ener^ses at end of impulse. 

19. B7 re-energfses, partly over ckcuit 7, circuit 16 opens and B15 de-energises. 

8 . ,B7 holding circuit. Circuits 10 and 11 are prepared for'the next impulse (if any). 

20. If line No. 2 is busy R20 will energise over the holding circuit. 

21. B20 holding circuit. 

22. Busy tone is given to caller. 

If' the line is idle B20 is not Energised and ringing current is applied. 

TJie^umber having been called, B9 de-energises. BIO' remains energised. Circuit 8 
is open and R7 Qe-energises. 

23. B23 en^gises to complete the loop. 

24. R23 holdiilg circuit. 

25. Called line made busy. i 

, 26. Binging circuit to called line. B20 does not energise until called party answers. 

Binging is by polechangei-, in which the pendulum connects battery and earth alternately 
to line, about twenty times per second. Binging is cut off when B20 energises. 

27. "Loop talking circuit, current fed through R3. 

' 28. Battery feed for called party through R20. 

The connection is broken down when the caller’s receiver is replaced, when R3 and R4 
de-ene^se. ‘ • i ^ 

30. When 0 is dialled (teh impulses), !^30 energises, partly over circuit 17. «, 

^31. B30 holding circuit. Circuit 18 is opeh to de-energi^ all counting relays of lower 
‘value and suocee'ding Relays are built up by impulses ag before described^ 

A connectioK has tht^^ Ireen completed between the two telephones shown, over the 
contacts of ^ of the c^ng line apd Rl7^to the called line. The talking circuit is divided 
by condensers and battery fed te/^the callingtline over B3 and to the called line over B20. 
The trsnsmisQion efficiency is standard. 



iSection 33 

AUTq^AyiC INSTALLAflOUJS FOR WORKS, WAREHOUSES, OFFICES, 

•. , and the JLIKE 

These are. ‘gen^ty.'very amilar to tht exohabge s^tems described, but are con- 
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riderably simplified by the elimination of meters, impul^-repeater^ seledtors, and other 
special apparatus. 

In a 100-line installation there are 100 line switches per s|»tion), and 7 tq 12 con¬ 
nectors, a multiple of^the 100 lines being carried oyer the latter. In some cases the line 
twitch and the connector hre combined. 













100 / AUTOMATIC INCTALLATIONS FOR WOtKS» ETC” 

For installations^ of over 100 lin^s there must be s^ome form of selector or disoi^minator 
to differentiate between one 100 and another. ^ 

The instruments are usually similar to those used rf)n the public systems^ and when the 
transmksion devices also'equai the public exchange standard, connection may be had with 
the public exchange on approyi|l by tfie Post Office. When subhf service is ,to be given to a 
proportion of the total lines, it is sometime^ required that' it be ihatl'.! impossible for the 
(remainder to connect with the exc^itinge, aiid devices can be introduced to limi]b this service. 

For small exchanges of 20 lines and'upwards the automatitf system is replacing the i^ell- 
known “inter-communication sets.” Ihccadvantages &,re : the elimination of the large 
cable'which has to be multipled over all stations in the latter syriem, the automatic requiring, 
usually, only two wires from each station to a 'central point; the simpler instrument at each 
station, with the switching apparatiis^t a central point, the greater reliability of th«^witohing, 
the secrecy devices, and the frce(iom from overhearing. 

* Fig.- tI shows a 100-line unit of the A. T. M. Co. using their 25-point rotary switch, 
described on p, 39, Vol.'I. The switch would not be U8e<i to its capacity, except in exceptional 
circumstances, as only V to 12 connectors are necessary f)n the average installation i)er 100 
lines. The connectors are of the standard exchange type with contain simplifications. 

‘ The connectors are fitted at the rear of the frame. 
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PRIVATE 4^UTOMATIC E3^:HANGES (P.A.X.) AND ^RANGH AUTOMATIC 
. EXCHANGES (B.A.X.), STROWGER SYSTeSi, A. T. M. Co. ." * 

' . i * “ 

Private exchangiS may be of any size, froifl 10 lines uj^wards. 

They are„prhnarily ifesigned for instaUation in works^offices, and the like, for rendering i 
quiqk, accurate, and secret interoom'inr.nication, wil^out the assistance of an attendant. 

Not only does a P.A X. serve *aJl the ordirar 3 i telephone requirements, but it may be 
arranged with additional equipment to render a mynber of special services, such as conferedoe 
facilities, urgency calling by code when a party is out of his office, yatchmen’s control, 
fire alarm^Md other auxiliary services as will be descrihed. • 

These small installations may also be fitted with apparatus to enable service Jo be given 
and received over the public exchange, and they actually then become part of the great 
public-service system. ^ 

A 50-line P.A.X. equipment consists of one switchboard, upon which all the automatic 
and power-switching equipment is fhounted, enclosed in a cover of steel and glass eon-, 
struction ; also one junction box (for terminating and connecting the subscribers’ Ijnes^ 
the automatic switchboard) charging plant, batteries, andvbattery Cabinet. ‘ 

The 100-line P.A.X. equipment consists of two units, viz. one automatic switch Uuit,* 
and^one combined M.D.F. and power-panel unitf botl\ enclosecT in a steel and glass cover ; 
also a charging plant, batteridb, and battery cabinet. • 

Types of P.A.X. and B.A.X. Equipment.—Naturally these vary according to the 
requirements of the owner and depend on local conditions, but these will be found to be 
covered by the seven following types :— ^ • 

1 . Isolated, self-contained, and fully automatic. • • • 

2. Similar to No. 1, but with an attendant’s cabinet. An attendant is at all times 
available to answer enquiries, or perform otfier like services. The attendant’s cabinet is 
provided with incoming and outgoing trunks to the P.A.X. equipment. • 

3. Similar to No. 1, but connected with the public-exchange system. * 

The switchboard is equipped with incoming comiectors, the banks of which are multipled 
with the banks of the local connectors. JThe B.A.X. subscribers’ numbers,are listed in the 
1‘ublie Directory. At the public exchange one or more selector levbls, depehding upon the 
size of the B.A.X., are connected to the trunks incoming to the B.A.X. Incoming trunks 
from the main office (automatic) are individual t« each unit of the B.A.X.,*so that%. sub¬ 
scriber at the M.A.X. calls any B.A.X. number by dialling the last two digits of his number," 
first prefixing the proper digits to reach the outgoing B.A.X. selector levels at the’ mVin , 
office, as 4567-29. Outgoing trunks from the B.A.X. to the M.A.K. tterminate oif connector 
or fij^t-selector banks at the B.A.X., and in line ^witches at the M.A.X. Each trunk is 
equipped with a repeater at tlfe B.A.X. A‘B.A.X. subscriber, when calling a tdephctie 
connected to a M.A.X., does, so in the jisual way, with the exception tkat, before calling a 
number as it appears in the Public Directory, he calls a preliminarji digit, whjeh is required 
to place the wipers of the B.A.X. connector or firsjJ selector in connection with the bank 
contacts of an idle outgoing trunk. ' ' - . 

Discriminating or ^Restricted Service .—It is sometimes necessary to restmet certain 
lines to local service only. * Stations are pievente^l^From req^ving incoming trunk calls by 
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earthing the private^ bank oontac&l^ of (.restricted lines at the incominjo; trui^ connector 
bank terminals, and providing a busy tone to the caller. This is effected by the 'Use of a 
resistance coil in parallel with the bridge cut-off relay ^winding of each Une switch, pranged 
t& have outgoing ^runk .service, and a special type of repeater on the outgoihg trunks. 
The repeater in this case has^ a discriminating service relay, pf .'low resistance," and so 
adjusted that it will only be energised to dost the trunk coijtacts wheK^it receives increased 
L current from line switches which ||ifive ih^ BCO in multiple with 'the resistance coil afore¬ 
mentioned. Tf this relay does not recdve suflRcient,,current to close the trunk contacts it 
remains normal. A busy tone circuit js dosed through thfe positive side of the line and 
fumithes a busy tone to the caller. ^ 

4. A branch office with an attendant’s ca'oinet for outgoing and incoming calls with the 
public system. For local operating reasons, and to supervise and control (^going and 
incoming calls, it is sometimes ‘advisable to have an attendant's cabinet. Provision is 
made in t6e attendant’s cabinet for a complete series multiple of all subscribers’ lines, so 
that the operator may be able to reach any subscriber, as in a manual C.B. office. The 
attendant’s cabinet must, further, be equipped for double supervision for both incoming and 
outgoing calls. The trunks from the public offices are plug-ended.^ 

' On an ipcoming call the attendant ascertains the desired subscriber from the operator 
at the main office, and plugs the c^ll through to the multiple jacks. 

' . For outgoing cAlls the attendant’s cabinet is equipped with one or more enquiry trunks, 

over which the operator ascertains the number, and requirements, of the caller and, if he 
wishes outgoing service, immediately plugs his line through on an idle trunk to the main 
office. 

Discriminiiting arrangements consist in the omission of the restricted subscribers' lines 
from the multiple jacks. 

0 . A branch automatic switchboard with direct outgoing trunks to the public service, 
but wij;h incoming tnmks intercepted at an attendant’s cabinet and extended through a 
multiple. The attendant’s cabinet is identical with the type described in paragraph 4. 
Outgoing calls p,re handled as in paragraph 3, and incoming calls as in paragraph 4. 

6 . A branch switchboard connected to a public manual office, with both-way calls 
passing through a special B position. *In general, this type of switchboard is the same as 
that described in paragraph 4, except that, instead of having an attendant's cabinet, located 
on the same premises with the automatic equipment, it is‘virtually transferred to the public 
office, where it4s known as a special B position. 

. This speci&l B position must be equipped with a dial-impulse sender, and have double 
supervision on the trunks to the B.A.X. If the operator wishes to extend a call, she plugs 
int6 a* jack connected to a trunk, terminating in an incoming connector or selector at the 
B.A.^i, and, by, the operation of a key, associates the position dial with the trunk and c^lls 
the iB.A.X. subscriber’s number.^ When this called party answers, k supervisory lamp at 
tho operator’s position glows, arid remains glowing until theireceiver is replaced. Outgoing 
calls-fivm the'B.A.^. to the manual main office are made by the ca^er dialling one digit, 
usually 0, on the conneptof, or first selector, which connects the line through a repeater to 
the specials'position, there gibwing a lamp to qttract the attention of the operator, who 
then completes the call in the {dSual nvinne^. 

< Discriipinatihg service may be provided on both incoming and outgoing calls, as described 
in paragraph 3. 
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7. ^ branch switchboard conncbtcd to a manual nitun office, wi^h direct discrinynatinff 
outgoing service, but with incoming calls passing through an attenSant’s cabinet. The 
outgoing calls pass through repeaters, from the connector, or first selector, levels, and give 
the usual lamp si^l to the main office operator. The operator treats tjiese as calls from*a 
subscriber s line, in the'usval manner. The discriminating Mpvice on outgoing calls may be 
obtained by using tJJe means described in paragraph 3. Incoming calls from the Tnnin 
office are intercepted b/ the attendant, who extends ch^m into the B.A.X. by means of, 
aui^matic switches. (.■ s' 

For this class of service the trfbks from the nyiin office are key-ended, and each has a 
connector, or selector, individually associated wit|i it. The attendant extends the ii^co'ming 
c4il by associating the position dial with the trunk and calling the desired number. Dis- 
criminatiqg;,«ervice on incoming calls would be at Ahe discretion of the attendant. 
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Section 35^ 

SWITCSIBS FOR P.A.X.—THE CdNNECTOR 
..... ‘ " 

The circuits of the P.A.X.^connector'(when used without'sqleolor, and with rotary on 
the 0 level) Fig. 72, are numbered in the ordfcr of operation, as follows V- 

1. When the calling line is e^^hded to the connector R'(A) Brfrtrgises 

2. Slow-to-release guard relay R2 diergises. 

3. Earth on release trunk to hold pyec^ng switched. 

4. phain relays circuit closed. 
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■ ^ , • r 

6. When the oaUer dials the tens digit, R' de-energises and re-energises. - At the first 
opening of circhit 1, R5 and VM6 energise. R6 remains energised for the duration of the 
train ahd VM6 feteps-up the shaft as many .levels as there are impulses. 

“ 6. Excessive sparking preventive device. 

. *7.* On the first step of the shaft the ON springs close, and, after the first impulse, this 

circuit is clesed for ttie hnpalses. 

Earth on motor-starf relay, which ^closes a circuit for the ringing generator. 

' 9. After the last vertical iifipulse, R6 dc^energises ands completes this circuit for the 
rotary &apulbes.* f « 

The units digit is dialled, and R9 energises for the duration of the train ; RM9 steps the 
wipers roui^d to the fine required. Circuit 6 again prevents excessive sparking at contact 
of R'. During impulsii^, the^^' contact qf R9 short-circuits the contact on relay G, to 
provide an nltemfttive path for the rotary impulses, should relay momentarily energise 
through the private wiper passi^ over efigt^ed ccntacts during rotation. 
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10..<>iiouit of RlO(G) as above. ^ Jf the desiredfsubloriber is busy, ^rth is on thej)rivate 
wiper, and this circuit is effective, because R9 is held operated by its slow release feature^, 

11. WheikRQ de-energises, ftlO.’s held energised. Th9 rotary magnet circuit 9 is held 

open atjt' of RlO, to prevent the operation of R13(H), shoiAd the call^ restore w(41^ the 
connector is looked uj)’ dn<ihe busy circuit. * 

12. Busy circuit to paller. • 

13. If the called party is idle, R13 energises^ whqp R9 de-energises, over the BCO, 
winding of the called line switch t^'^buttery. 

14. R13 holding circuit. • 

, 16. Called subscriber’s ^ne made busy. The BCO of the called party’s lin^ switch 

operates in series with R13, and is now held over circuit 16, and the called line relay 
is cut off.»^''ircuit 9 >8 open to prevent further rotary, motion should the caller dial agakt 
in error. 

16. Circuit to line for interrupt^ ringing current. 

17. Ringing tone to caller. R16 energises when the called p^y lifts his receiver to 
answer the call, and the ringing is cut off. 

18. R17 locking circuit. Circuit 8 to motor start is opened. ^ 

19. Battery-feed relay R19 for called party energises. Current for .caller ^ is ffed 

through R'. « 

Code Call Facility .—When this is provided cam springs are fitted, to operate on.tho 
number allocated for code-call circuit (marked 7€ on diagram).' These cam springs operate 
to disconnect the ringing circuit, and to extend the “ impulse ” circuit through to thtucode- 
caU cabinet, via- the positive wire and wiper, 

Out-trunk Service .—Tn order to provide a discriminating feature for out-trunk service 
in this connector, cam springs are fitted, to operate when the connectof wipers reach the level 
allocated for “ out-trunk service.” 

A subscriber who has this service has a 46-volt battery, in series with a resistance p^ed 
in parallel with the B(^0, on the private wiper of his line switch, which, when extended to 
the connector, operates the discriminating relay R3'(K) over circuit 3 plus 3'. 3' is the 
holding circuit of R3'. • 

20. When the wipers reach the out-trunk level, say 0, the discriminating cam springs 
operate, and RlO energises. 

21. RlO(G) energises. 

11. RIO locking circuit. 

22. Slow-to-release relay R9 and rotary magnet RM9 energise, and the wipeift make 

the initial rotary step. • 

23. If the first trunk is busy, earth will be on contact and RIO(G) energises. The 
rdtary magnet again operates as before. This cycle of operatibnk'continues ibitil 09 . idle 
trunk is found. When the wipers rest upon an ^dle trunk, tKe station is rung, as before 
described. Should all the trui&s be busy, the busy cam spnngs will operate on the«leveath 
step, and open the rotary-magnet circ'iit. 

24. R 10(G) energises. . 

12. Busy circuit to caller, to indicaterthat all flunks are engaged. 

A subscriber who has not the right to outstrunk service has no supplementoiy battery 
on the private wiper cf his line switch, therefore he cannot operate relay R3VK) to close 
circuit 22 to the rotary m&gnet. 
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SWITCHES FOR P.A.X-fHE CONNECTOR 

i 

20i When the wpers reach the 0 leVel, the discrminating cam springs close o^uit 20 
for R19(D), which eneigises. ^ 

21. RIO(G) energises, blit,•as R3'(K) is not operated,*22 is not closed, but 1? is’opened 
t6 give .the busy to<ie. • ' 

26. When the calling recfeiyer is replaced, Rl then R2 de-eiiCrgite, and,relea8e’magnet. 
Rel. M26 energises to restore the^haft. ^ qirciiit 26 is then'opened,' WI. windgig prevents 
excessive sparking. 
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<> Section ^ 

OPfJRATION OF 10-LEVEL 10-TRUNK GROUl* SELECTOR (Fig. 73) 

■'* ' 

The oiTOTiits are ihtmLerod in the order of operation as |olUows :— 

1. When the oiafling line is'extended to tSe selector Jl' energises. 

2. Guard relay R2 energises. " " j 

■ 3. Earth on release truill^, to hold preceding switches. 

If dial tone is heard, the dial may be turned. • 


•Wire, a t* 


Sup^ Relay ap d— Batterp 
Pel. Tk. 


^ « 

Relay ^iobe s^justadao aa not to hoUo^ 
m Mrtea vath Relay Dr ■ 


Adjust ^contacts to 
break just as double 
dot tails Ini 

B - „ C W 




NiHh#-# 

Ums 



Busy and eat^h 

These spRs. are switched on i'h 
tf^ ut.aap ^awiSh, cami 
Dial tone on earth i 

Ret. Sig, IS - ' 

+ Mre, 

t t 2 ts * r T . ^ 1 * Off normal CMtacts dose on ttt verti step 

Just before double dog H/la ih^ 

Kio. 73 .^—Ten-Level Ten-Trunk (Jhoup Selector (A. T. M. tfo.). 

t. R' de-enefgiscB for each, impulse of a digit. R4 energises for tl^p duration of the 
train, and VM4 lifts the shaft one step for each impulse. 

n. Prevents excessive sparking at R' contact during impulsing. 

Off-normal springs are closed at first step. • 

6. R6 energises. 

7. R6 locking circuit. R4 de-energises. , 

• 8. RMS steps the wipers to the first set of terminals aftd bpehs eircufif. 7 and R6 

de-energises. , * , , 

The 1300-ohm non-induefive winding on R6 serves ^o neutralise self,-induction in "this 
relay. ^ . 

8'. Prevents excessive sparking at contact of R6. 

Selection of an Idle Trunk. —If the first truni( is busy, the private wiper wjll find earth 
on the private bank contact. . - ' 

^ 9. R6 energises and closes the rotary magnet circuit. 

7. R6 locking circuit! ' * 
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10., BM8 energisfs steps the'wipers to the nex^ terminal, and opens circuit i^so that 
R6 de-energises. If this trunk is also busy, this operation will be refeated until a line is 
found without an earthed terminal. The earth on the p^vafe wiper also shuntajelc^ D^Bl 1). 
• ll.',B6 cannot pnergiee, and Rll, not being shunted, energises. 

B6 is' in series, but does nb1i,energjse owing to its low resistaime.^ 

12. Talking circuit extended to the coWector. R' land R2 de-energise^ Earth is 

removed from the release trunk (cipcViit '3). ^ ‘ 

13. The preceding switches are now^eld by the stviiches^aliead. 

K all trunks in the level are busy, theiwipers step to the eleventh position, when the 
cant firings operate. 

14. Busy tone on the caller’s line. 

Release .—When the receiver is lisplaobd, earth is removed from ^e release trunk and 
Bll de-enemses. 

'hS. Bef.lS energises and restores the selector to pormal, when the shaft opens this 
circuit. ' 

All selectors are connected to a supervisory signal which glows as a switch is taken into 
use. All first selectors have in addition a permanent glow lamp fitted on the switch, which 
proVide^i an individual supervisory lamp for each first selector. 
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T\VO.WIRE REPEATER CIRCUIT FROM AUTO^AflC TO C.B. MANUAL 

OFFICE 


The'Jircuits (I\|. 74) are numbered in tbe prder of operation as follows 
1. When a calling line is extended to a repeater Ft' pnergises! 

.2. Guard relay R2 ener^pes. .< * 

3. Earth on release trunk to fiold preceding switches. 

4. R4 and R4' energise*»o signal the distant office. 


iff Vfhen required io hold caller until 
mafiual operator withdraws plugi 


Contacts at F to chse first. 
» m . /oat. 



Pw ^74. —Two-Wirb Rbpkatbs in AoSomatic to C.B. Trunk (A. T. M. Co.). 


6. Ring-back tone signal to caller. 

6. OaUing lamp at manual office glows. 

7. Answering plug inserted by operator and R7 energises. CSrcuit 4 opened And*R4' 

de-energises and L6 ceases to glow. • 

8. R8 energises over the positive wire to manual office. 

* 9. Battery reversing relay R9 energises. 

•10, R' connections reversed to caUing line. 

Circuits 4 and 6 opened. * ’ 

The operator rings the called party and the circuit is qompleted for bonve'tlSItion. 
Current for caller’s microphone from R'. The called party’% talking ciirrentlp from the cord 
circuit. • , ^ 

Bdeaae (with earth on release trunk at relay»R9)fi^ Whei^the caller’s receiver is replaced, 
R' de-energises, then R2, the latter opening circuit 3, to the release trunk. Circuit 8 is n-fsA 
opened and R8 de-energises. Circuit 9 is bpenedtand B9 de-enenrises slowlv. 
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TWO-WIRE Ri^PEATfiR CIRCUIT 


Ril.enei^8es and puls earth on t|ie release trunk at 3' before^^9 has 

n?u^t^H “"f preceding s^vitches are therefore held operated until the 

piug IS withdrawn at the manual office, , ' 

caJler^c£r*R'\^h connoted to the release trunk, at R9, then,\hen the 

sidtrhi T’ ^ ^ ^^energise, as before, arcuit 3 is»opehed and the preceding 

thp ^ de-energise. Qrcuit ll'is completAI and Rll replaces 

the earth on the release trunk at 3', to nyike the repeater busy until the operator clears 

fl,. the series contacts for the chain ^elay circuit during the whole time 

dLTralf’'on all the repeaters in the group are 
closed (all repeaters busy) an indication is given to the exnhanfee attendant 
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Section ‘38 

MAIJUM- WORKING IN' CONNECTION WITH P.A.X. INSTALLATIONS. 

A. T. M. CO. (Fl^s. 75 and 75a). , J 

The sftbscribe(|#’ lines 'ire connected to jacks add reltlys before being extended to the 



Rotary Preselector ( Line Switch^ Circuit. Portion of {iroup Selector. 

Kio. 76. —Attendant’s Sekvicb 8n P.A.X., itsing Rotaky Line Sebvioe (Indiyidtjai. 
Manual Calung Appabatus) (A. %■ M. Cdt). • 


rotary line switches. This arrangement enables *the autoA'Btic subscribers to'call a manual 
operator for outgoing calls, and the manual operator can call an^ of thS automatic lines for 
incoming service. * 













T12 MANUAL wo^KiN<? wTjn p:a;x 



Cb) Night Service Cord Circuit, 



Operator’s*Telephone Circuit • 
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0 is dialled a line lamp glows before Ihe operator, the^aytomatio appitfatas is 
rdeased, and the operator extends tne call by the usual cord cirouiti (Fig. 7Sa). i 

^ internal automatic connections are completed, protective conditions have to be 
set up q.t the manual equipment to prevent interference. Similarly, when a mai^lial con¬ 
nection 18 ooiuple1jed,*jjondftion8 in the automalic ^para^os are set up to present other 
automatic ponneotroJis.’ - * . 

The important oir:a5it8 (Fig. 76) are numbefed*k8 follows 
• 1. The earth placed oh ^the irelease trunk, Ity the calling selector, causes Il'(Y) at 
manual equijiment to energise. * 

2. Busy potential is plated qn the Hiultiplejacks. 

3. Earth is connected to the called party’s private bank contact. 

R'(Y) energises ^o busy the line, as before (kserj^jpd. , 


When 0 is dialled to call the operator, the wipt»s stAp-up to the tenth level. As all the 
private contacts in this level are permanently earthed, the wipers will automatically rdtate 
to the eleventh stop, where the foltowing circuit is closed through iBhe normal post springs 
on the eleventh step cam springs. 

4. B4(Z) energises, t 

5. The subscriber’s loop is disconnected from the automatic switches. 

6. The windings of R4 are connected across the subfcriber’s loop 

The automatic switches return to normal. 

, 7. Ring-back tone is placed on the subscriber’s line. 

K. Calling lamp L8 glo-^s. , 

9. Busy earth on private bank contacts, to protect the connection against other 

callers. * ’ 

• . ‘I * 

10. Circuit to caller’s BSO relay opened, so that circuit 4 of the release trunk is opened. 
This earth would otherwise busy the trunk on which the preselector wiper rests. ’ 

While the subscriber is on the line, R4 is maintained energised, and lamp L8 qontinues 
to glow. The caller can free the connection'at any time before the operator answers. * 

11. Answering plug inserted and busy test placed on multiple. R11(SJ energises. 

12. Supervisory relay R12(A) energises over the loop. Circuit of Ljl opened. 

13 (over circuit 9). Rll earths private.coniiector bank contacts, to busy the line to 
other callers* keeps circuit 10 open ; opens circuit 6 so that R4(Z) de-energises ; open;; 
circuit 8 so that L8 ceases to glow; opens circuit 7 to cut off tone ; restores the caller’s 
preselector. The operator extends the line as required. ' 

When the receiver is replaced, R12(A) de-e*ergises and Lll glows. » • 

The operator caUing an automatic mibacriher. —If the line i^ idle the plug is inserted ki 
the multiple jack and the ringing key depressed. » » 

• 14. Busy circuit. Rll(S) energises to cut the subscriber’s lin8 frqm the aulpmatic 

apparatus. Busy circuit 13 completed to private bank. Circuit 1 opened so that Il'(Y) 
cannot energise. • • ‘ ^ , 

If the line is busy she will still ingert the plug and offer the call, engbged on'*i» auto- ‘ 
matic connection she will ask that the receiver be replaced, to reslor* the automatic apparatus. 
When circuit 3 is opened B'(Y) will de-energise. ^Rll(S) is now in circuit. * 

14. Rll energises over the sleeve of the.plug* The'subscriber’s line is ‘disconnected 
from the automatic apparatus. The subscriber is recalled ty the*ringin| key., 

If the party wanted iS engaged in anol^er ou%4brvice caU, he may accept that now offered. 
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He is again asked to ifepjaco the receiver,' while the operator asks the party control^ng the 
existing ca?l to disconnect it. The subscriber is then rAialled, and switched through. 

Night Service .—A certain number of cords are modified'as shown in Fig. 7pA. A night- 
service Ifoy is provided which- when operated, cuts off the supervisory apparatus, and 
short-circuits the condensers in the taUdng circuit, thus providing El^'clean pietallic circuit 
to the main office. ' ' - • • 

The sleeve battery is taken through a'2000-ohm resistance when the night key is operated, 
in order to operate the subscriber’s C.O^ relay with the’ miiun^um current. This relay, is 
operated to place busy earth on the subscriber’s connector private bank contaefts. 
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SPECFAJ^ SERVICES FOR P.A.JC. AND B.A.X. AUTOMATIC INSTALLATIONS 

The^ equipment fA s^^eeial services is not provided as p^rt of an ihstallatiom fitiless so 


1 ?^ ,• 

Conn. ^ Conn. 


'iast 

Conn. 




specified; all line-SAyitch units, however, are vdred so fliat any of the special services 
described hereafter can be readily fitted* 










■lie; SPEX^''SEHVlpES''f^ 

Conference Settee (Fig. 76).—Toifacilitate the close supervision required inco large 
organisation, the oonfe^’ence service has been developed. This service enables "^several 
executive or departmental hqad^ to obtain connection with a conference oircui^j so that they 
cap confer and discuss matters .without leaving their desks. 

This tervioe is designated ty a number, for instance, 90. Thq colTesponjling lihe switch 
is removed and replaced by an iApedance coil’uridged across the line cohCacts. In addition, 
the private contact multiple of Wj. i 60 is Opened between each cofmector baqk, and a re¬ 
sistance coil is bridged from each private tontact to negative bkttery. The various execut^e 
officers can be called and asked to dial t^e qpnferenoe nuiibef. 

^ A Modified Private Switchboard Conference Circuit/A. T. M. Co. (Fig. 77).— 
A eonfeAsnoe circuit is multipled over a ‘level, say the tenth, of a number of selectors'. 
A circuit-changing relay is fitted between to connected to the conferenpe circuit 

and the rotary line switch. 




a 


Ordinary copliectionq are made over the line switch* and connectors. A-conference 
connection utilises the selector to build up the connection, but when the special relay is 
energisetj the selfctor and line switch are released. 

The circuits are as follows :— 

1. line relay R' energises. Circuit is through B2, but this relay is eneigised only when 

current is through both win(lings in the same direction. . 

2 . ‘Current through second winding of R2 but opposite in direction! , 

initiates the operation of the rotary line srvitch, in known manner, to extend the caller 
• to a sqlfipior. .The tenth level is assumed to be a conference circuit. 

When the spbscriber^ dials 0 B6 responds, and tlie wipers are stepped-up, in known 
manner, then rdtoted dutomaticdily to the first set.of contacts. 

As therd may be a numbei^-of cal|fi &t a given time the line may -test busy, and the 
wipers step until ax idle unearthed fniinrl 

11. Rll‘energises. 









♦ energises over the caller’s loop. The ouifent ij the unpei^Grinding of B2 is 

now reversed and tbp relay energises! I ^ • * 

R2 energises over the calling line. ' * 

14. Tlie calling line is extended tA the conference circuit pnd the line switch and Selector 
released. • • ' • »’ 

o5>An at 12 of special relay^’and Rf2 de-fnergises. Circuit 10 is open to 


release the selector. 


The private normal termifial is earthed over yT 
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Section 40^ 

GODE.GALL SERyiCiT 

By this means any officer ^oan be reached for telephone sferyice^ao lon^ as he Is within 
hearing of a call bell of the insttdlation, alth&gh he may bo away froif/nis office. 

If a called party fails to answei* his telephone, the caller replabes his receiver, again re¬ 
moves it, and dials the code number,'70, followed, by thS individual code of the party 
desired. This code is sounded on bells, buzzers, horns, or*othhr signalling devices throughout 
the establishment. A person hearing his pode proceeds to the nearest telephone and dials 
the answering number, 70, to be at once connected to the callttr. ‘ 

- Two types of equipment are* available, one for twenty-two individual code numbers 
and the ot^er for one hundred. ' • * 

These special equipments consist of code-selecting switches, enclosed in cabinets 
arranged for qiountin^on a wall near the switchboa^, together with the loud signalling 
devices which are placed throughout the establishment where they will be most effective. 

Code-Gall System, using Connector Banks atid Gomm^rcldl Power (Fig. 78).— 
Th% co^e consists of 22 groups of long and short signals, thus allowing 22 subscribers to have 
code-call facilities. It is possiblq for all the lines on the switchboard to signal any code 
onrthe code-call sisals, and so attract the attention of any of the subscribers who have 
code-call facilities. 'The callM party,,on hearing his code signalled, is able to answer the call 
fromony telephone which may be handy. Specially wired connectors are used with this 
system in order to worl^ in conjunction with the code-call cabinet. 

The circpits of Fig. 78 are numbered in the order of operation as follows :— 

A caller having failed to obtain a response in the usual way replaces the feceiver to 
clear', then again Qfts it and dials the special code-calling number, to set the wipers of the 
coniiecV^r on that particular number. The code-call cam springs operate (see Fig. 72 of con¬ 
nector), discoimect the ringing circuit, and clo/e the impulsing circuit to the positive wiper. 

1. R'(D) energises over earth on P2. 

The, first digit of the code number is now dialled over the impulse circuit. 

2. Impulse circuit, earth at coimector liqe relay A, over code cam springs and positive 

(riper. R2(E) energises for the duration of the impulses, M2 steps the wiperii to the .sailed 
number. • • ' - 

The code numbers of the subscribers are divided into three groups :— 
t a. ^Digits i*to 9.—It is necessary to dial only one digit in order to obtain any one of this 
group. * 

'h.^Digits 01 to 09.—It is necessary to dial two digits. The first digit 0 causes the wipers 
of the, code-ableetor group switch to rest upon the tenth contact in the banks. 
As these are discdnnect^, they^ provide a convenient resting-place for the wipers 
until the next digit is Called. The'caller now dials the last digit and the wipers 
are sTbpped on to the desired number. , ♦ 

Digits 091 to Q09«—It is necessary to dial three digits. The first two digits 00 cause 
the ^pers to step on V> the ti^entieth contact in the banks. The caller now dials 
tLe last digit and th^ wipers step to the desired number. 

After the caUSr has diaUed the final digit the fourth code-selector {riper will complete the 
ollowing circuit:— ' 
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3. R3(0') energises. Ciictiit 2 is opened so \hat ltf2(J)» 
will not (gain be enorgised in error. ■' 

4. Il^(A),energises in parallfel with R3. . , 

5. :^tary magnet M6(K) energises. The first and second 
wipers of the cpde incern;^ter switch are nmved njund one 
step. The, interrupter yrings break circuit 4 and R4(AJ de¬ 
energises and opens circuit 6. Rot. magnet M6 de-energiseB, 
agiin closes circuit 4, and 'R4 rj-erergises. This cycle of 
operations continues, and the* wipers are steppedi round the 

until either the called phrty replies* or the caller replaces 
the receiver. The copper matis and the micrometer adjustment 
of R4 m»ke it possible to adjust the interruptions to the 
desired speed. 

6. Excessive sparking at the cojitacts of R4 is prevented. 

7. As the first wiper of the code interrupter switch rotates H 

over the contacts of the bank, R7 (F) energises over contacts 2, 

6, 8 and 11 of the intersupter bank*. Thus is provided part 
of the necessary combination for code signalling, the other 
part of the combination being provided by the bank contects, 
traversed by the wipers, and to relay R7(F) over the first, 
sectyid, or third wipers of the code selector. T4ie operations * 
of R7 close the signalling circuit for a series of short and long 
periods, in accordance with the particular code called. 

8. Circuit to all the code bells. 

The called party answer8.—Tlnib official, on hearing hjp 
code, proceeds to the nearest telephone and dials the numUer 
aUocated to answering, and is thus connected to the caUer. 

This is attained by the lines of the two numbers allotted to 
code caU being bridged on the connector bank multiple. 

Therefore both the calling and the called connectors are joined 
in the circuit, to furnish a talking circuit between the two 
parties. 

It will be noticed that the connector banks are reversed 
in the diagram, the positive of the answering number being 
coimected to the negative of the calling number, end the like. 

This is necessary to trip ringing on both connectors when the 
called party answers. 

The code selector and interrupter return to normal. 

S. R9(B) energises and opens circuits 1 and ^ and places 
dead earth on the P2 wiper (efreuit 1). * * 

10 (partly over 7). Circuit of R' is opened, but the relay 
is maintained over the code interrupter until the wipers retiyn 
to normal. When normal is reached, earth is gut and R' 
de-energises. 

11 (partly over 7), Rotary magnet M2(J) enerjrises, and 
the code selector is stepped to normal. 


8 

a 




>is. 







120' COBE-CAa.L SERVICE 

12 (partly over 17 )r Earth on the stopping contacts 10, 20, to rotate the wipers past 
these confcacts on the return to normal. ' • 

A^fer the code selector and code interrupter have retilmed to normal, B0(B) is held by, 
the privj,te wiper pf the calltr’s connector until the called switch Restores. Thus earth is 
maintained on the private btfnjjc of the caU^pg number to keep^he bode-call cabinet busy, 
should the caller first replace the^ receiver. " ‘ 

Description of Typical Code fbmUination .—^The operation of‘lt7(F) closes the circuit 
for the ringing of the code bell's. In order to obtain the ghort tCnd long rings, R7 is energised 
for varying periods, which are determiKed*by the circuit combinations set up on the code 
selbctor, and code interrupter switches. , ‘ 

7. Earth is placed on the first wiper of the code interrupter by the fourth wiper of the 
•bode selector. t ^ , 

, Whenhhe full complement 6f impulses has been diaUod into the code-call circuit, the 
wipers of the code interrupter rotate continuously. TJ[ius earth !s placed on R7 by special 
circuit combinations oy^er the first bank contacts of the code interrupter, or, first, second, 
and third bank contacts and wipers of the code selector. 

A typical code combination is given below :— 

Number's called. Code=l long ring and 1 short ring. 

1 . ■ • * 

t 

2. Rartlj placed on relay R7 direct by wiper. 

via No. 1 code-selector wiper, 
direct,by wiper. 
via No. 2 code-selector wiper, 
direct by wiper, 

> Silent period between ringing period. 

11. Earth placed on relay R7 direct by wiper. 

12 . 

13. 


I:} 

. 

?:} 


14. 

15. 

16. 
' 17. 


18.- 

19. 

20 . 
21 . 

' 22 . 

23. 

24. 
26., 


>Not used. 


From the foregoing combi^tion the following are to be noted :— ' 

(1) Th 0 >*period of the long ring is that taken by the wipers to rotate over seven contacts. 

(2) The period of the short (ing is th&t' taken*by the wipers td rotate over one contact. 
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(3)<Trhe pacing or sUerA period l^otween the aaaooiated rin^ is l^at taken by th^ wipers 
to rotate over two contacts. ^ 

Cbd/e SigitaU. 

Th&following is the list of code numbers with assooiated*signal ood^ 

• * • ' * • * 

Cede No. ■ ^ Signal Code. 


2 .' : 

i 

2 long. 

3 . . . 


• 4 short. 

4 . . ' . 

% 

6 short. 

6 . . . 


1 long and 1 shor^. 

6 .1 . . 

0 

1' short and 1 long. 

7 . , . 

• • • 

1 long and 2 short. 

8 . . . 


1 long and 3 short. 

9 . . . 


1 long, 1 shorthand 1 long. 

01 ... . 


2 short and 1 long. 

02 


3 short and 1 long. 

03 . . . 


1 short, 1 long, and 1 short. 

04 . . . 


1 short, 1 loilg, and 2 short. 

05 


2 short, l,long, and 1 sjjort. 

06 . . . 

• 

1 short and 2 long. 

07 . . . 


2 long and 1 short. 

08 . . . 

* • * 

1 long and 4 short. 

09 . . . 


4 short and 1 long. 

01 . . . 


3 short, ,1 long, and 1 short. 

02 . . . 


2 short, 1 long, and*2 short. 

003 .. . 

* • 

1 short, 1 long, and 3 sjiort. 

004 .. . 


6 short. 


Fire-Alarm Circuit. —A special number is allocated on the automatic exchange for 
fire a^arm. • 

13. When this number is called, relay R13(G) in the code-call circuijj is energised wio, 

the oaUing connector. • 

14. Relay R7(F) energises and rings the code bells continuously. 
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Section 41? 

CODE-GALL SYSTEili ^ USING SELECTOR LEVELS AND GOMMER’ciAL 
' PO^VER, A. T. M. CO. (FIft. 79) 

t ' Oi I ' 

The code, like the former, coveists of 2 ^ groups of long and short signals, and the results 
obtained are very similar to those jn th^ system just described^ 

In this a special selector level is allotted to tho'oode-cyll system for calling purposes, 
and one number on the exchange is re^rvbd for answering jnu^oses, no line switch being 
fitted on this number. < ■ . 

To call. —A caljer having obl^ained no response in the hsual way, dials the number 
Associated with the selector level for'code'calling. 

. 1. R'(E) energises over the caller’s loop. 

1^. B.2(D) energises. 

3. Release trunk e^irthed, to hold the preceding switches. 

4. R4(C) energises to open the circuit for busying the code-calL circuit, until all the 

apparatus has restored to normal. ' 

6. R6(B^ energises to open the bank connections on contacts 10 and 20 of the fourth 
code selector bank., ' * 

' 'The circuit is np-w prepared for dialling. 

6. R' de-energising intermittently clones this circuit, R6(P) energises for the duration 
of th5 impulses, and RM6 steps the wipers roimd to the called number. R6 keeps earth off 
the fourth co(Je-selector«wiper during its rotation. 

The code numbers of the subscribers are divided into three groups in the manner 
desenbed in the pfevious arrangement. 

7. R6 having de-energised, R7(A) energises over the fourth code wiper. 

,8 (jmrtly over 7). R8(G) energises in parallel with R7. Impulse circuit 6 is opened to 
prevent false impulsing. 

9. Code interrupter rotary magnet RM9 energises, and moves the wipers round one step. 
The interrupter springs open circuit 7, and R7 de-energises. Circuit 9 is then opened, and 
RM9 de-energises. Circuit 7 is again completed, and R7 re-energises. This /3ycle of ppera- 

> tions continues, «nd the wipers are stepped roimd until either the called party answers or 
the caller clear^. ‘ 

The copper mass and the micrometer adjustment of R7 make it possible to adjust the 
interruptions to the desir^ speed. ' 

10. As the first wiper of the code interrupter rotates over the bank contacts relay R10(M) 
energises over contacts 2, 5, 8 and 11. 

'Relay R10(M) operating over these contacts, provides part of the necessary combination 
for the code signalling, the other part of the combination being provided by the bank traversed 
by the wipers, ^d to relay r(R12), over the first, second, or third wipe|s of the code selector. 
The'operatiohs of r^ay RlO(M) close the signalling circuit for a series of short and long 
periods, in aceptdaner with the (particular code called. 

11. Thp special code rignal is given rut on all'the code bells. 

TjU called p<i/iy anfwera.'t — The*'cedled party, on hearing his code, proceeds to the 
nearest telephone and dials the answe^pg number, and is thus obnnected to the caller. 

This result is obtained by the line of^the number edlocated to the code call being 

• » 
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oonneo^ed over a 2-mfd. oondens^r in each 
wire, to the lines ($h the selector Ifovel trunk 
to coae call.* * 

The called party’^. coni^ector-wiper control 
relay is energise^ pver the 46-volt batterjf, ' , 

in series TTith a ioOO-phm resistance on the 
private bank contact of the pode call answer- $ 

ia^ number. Therefore, the ^pon^Lootor places % 

ringing current on the line. ’ 

, 12. The ringing current energises fel2(r), 

of the code-call circuit. • 

The'ring cut-off relay in the connector 
is also tripped, and tjjie talking circuit is ylwrj 

completed. ^ it - ) _ = 

13. R12 locking circuit. Impulse circuit 

6 is opened. Circuit 12 is opened to cut-ofi 
R12 200-ohm winding.* Circuit 6*is open to [.i|ill-= 

cut off R6. . Iljfl’ 

14. Talking circuit. The caller gets 1 

battery from R', the called party gets battery 
over his connector. • H 

Code, adector and code interrupter return to -c 

normal. ^ ^ 

15 (partly over 7). When circuit 6 was I 

opened, R6 did not de-energise, but was main- ^ 

tained over the second bank and wiper of the IT 
code interrupter, until the wipers return to xriSS 

normal. This switch continues to rotate until 11 
normal is reached when R6 restores. ^ 

16. RM6 energises and steps the wipers to |1^_ 

noriyal. • _ i 

16'. Circuit over 10 and 30 contacts fto 
rotate wipers past these. ‘ —<j 

Caller replaces receiver first .—Relays R' (E), t. 

R2{D), and R4(C) de-energise, but earth is • j '|'§i CJ*’ * 
maintained on the release trunk. SW 

17. Code-call cabinet is kept busy until '^<3 • « 

the called party has cleared. 

• Typical Code-Call Combinations. —^This “ • | 

exactly as described for the previous diagram, S 
R10{M) taking the place of R7(r). • 
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Section i 

• CODE SIGNALS 'FCfR OFFICIALS IN WORKS AND THE lIkE 

' I f ' ' . \ 

Another circuit is shown ih ^g. 8 p, whicfe amplifies certain features/ 

This code-ringing equipment jt; connected to a particular set qf terminals on the con- 
' nectors. In the circuit to be desciT.bed,'^No. 70 has been chqgen. (falling No. <70 connects 
up the ringing equipment, and further series of impulses (i>re ^en called to sound the code. 
The multiple of terminals 70 and the multlpld of the answering number terminals, say, 75, are 
connected together. The code-ringing eqmpment comprises a rotary switch with fou^ 
wipers, p, h, j, k, and ^ rotary ringii^ switch with two wipers m‘, n. 

* The operation of the arrangementds as follows, first for an ordinary pall. In the diagram 
only two connectors are shown, ehch of which would be reached Jjy two subscribers’ lines 
over rbtary or other line switches and selectors, if the ojB^e requires such. 

' 1 . When the receiver has been lifted to caU and the line has been extended to the 

connector R' energises. 

< 2. The guard relay B 2 energises. 

'First serieo of impvlses are dialled. 

3. R3 energises for the duratian of the impulses, and VM3 steps the wipers up to the 
arfsoerated level^ At^the first^step contacts ON are closed. 

4. Path for impulses after the first. After impulses R3 de-energises. 

S&iond set of impulses dialled. 

5. R5 energises for the duration of the impulses, and RMS steps the wipers round to 

the called fine .terminals. , 

6 . Alternative path for impulses should R7 be energised momentarily by earth on 
wiper'c when passing over earthed test terminals. 

Busy test avd busy signal. ^ 

7. R 6 completes a circuit for wiper e to winding of R7 (combined test and answering 
bridge relay). If the called line is busy, the test terminal is earthed and R7 is energised. 
Circuit 5 is opened»to RMS. Circuit 10 is opened to RIO. 

8 . Busy tone to calling line. 

9. R7 locking circuit when RS de-energises. 

When the caller replabes the receiver, circuit 9 is opened to release the connection. 

Supply and control of ringing current for ordinary caUs. 

40. 'if the cdUed line is i(Ue, RIO energises (after RS de-energises). 

11. RlO locking circuit. 

12. Earth on wipn^rs to busy the called line. 

1^. Ringing eircuit ^ bailed line. When the called party answegre, R13 energises fo 
cut (\S ringing and join line throng. Battery B is in series with battery at RMS to ensure 
RlS'energising. 

lU.' Ringihg tone Induced in upper winding of R13. 

15. Current to tho called microphone through R7. 

Operation of the connector for a code caU (see looker part of Fig, 80).. 

A pam is fitted^on the conne^ttor-shdft, arranged to switch a centre spring from a contact 
I 4 ] another spbing. This disconnects the ringing generator RG and ptepares a path for the 
necessary additional impulses. 





















126 . CQbi SIGNALS .t-OR OmCIALS IN WORKS 

The caller dials tl; e ^peoi^l number arid the wipers are moved to the terminals 
No. 70.' If the equipment is busy, tone is given to caller—all as before described. 

If the equipment is idle, ,111/) energises in series with RW)' (lower part of Kg. 80) • 

, Thei caller then dials ^he code (one or two digits) of the party wanted. 

16. Impulse circuit to the finging eqbipjpent. R16 ener^sgs for the duration of the 
impulses and M16 rotates the wipera g, h, j, kl _ ‘ 

The eleventh and twenty-first contacts engaged by wiper g ax6 not multipled to the 
other contacts, to permit the wiper to move 10 or 20 s^teps without starting the ringing 
switch. When the impulses cease B16 d.')-eiiergises. 

. 17. R17 energises and opens circuit 16, ‘ 

18. kl8 energises and closes circuit 19. 

19. M19 energises and opens eifevit 18taind R18 de-energises. The^vibratory movement 
thus set up pauses the wipers to advance step by step in known manner, so long as the earth 
is maintained on circuits 18 and 10. 

20. R20 energises." The contacts engaged by the wiper n are so connected to the 
wipers h, j, k and their contacts that, during the rotation of the wiper n, R20 is energised 
for long and short periods according to the setting of the wipers g, h,j, k. 

'21. Ringing circuit of code bell. 

The code ring is repeated duripg each rotation of the wiper n. 

< When the callecf party hears his distinctive call he goes to the nearest telephone and 
dials a special answering nuinber, in this case 79, whereby a connector, say X, operate? ir 
the mr nner before described to move its wipers to the special terminals o, p, q (which are 
comiected to the terminals d, e, j) of the special call No. 70. 

2J. Wheq^the slow relay R6 de-energises at the end of the, rotation, R21 and R21 
energise. 

22. R21 lockin'g circuit. < 

23. ,R13 energises and holds over its upper winding, and extends the line to the wipen 
a and b. 

24. R24 energises and acts in a manner similar to R13 to extend the line to the wipen 

r, t. 

25. Talking circuit. Microphone current,fed through R' and R26. 

Disconnection and restoration of the code-ringing equipment. 

When R2r'energiset, circuit 10' is opened by RlO'. Circuit 16 is opened and Ml< 
is cut off. ' 

^7. «R10' ischeld energised over wiper k until the ringing switch reaches its norma 
position. The wiper m theh engages a dead contact and RlO' de-energises. 

28^ Restoring circuit of M16, which is opened when the wiper g reaches normal. 

The connectipn is released in known manner. 
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Section ^6 

MISGEliLANEOUS SERVICES 
* • ' * 

Watchntatli A Service (Kg. 81).—This i^rvioe ie of gaeit benefit in small as well as in 
large establishments, ^ it enablra the department bead responsible for the watchmen to 
have a penhanent record (jf ^heir movements, « 

• This service enables the aratchiflen to report, on their rounds, by momentarily lifting 
the receivers of specially-d^gnated tel^hones* v^ch action on the part^of the watchmen, 
oauses a magnet asBociated^witb that particular line, and located in a recording* clocE, to 
operate and record the time on a revolving chart. Tl^e-charts are permanent record of 
the movSments of aS the watchmen during the fime tha^ they are on duty. “ 



For large establishments, where the services of a head watchman are reqsiired, the reports,, 
in addition to being recorded on the chart in the clock, may be made visible on an annun¬ 
ciator locatejl in his oflice. An annunciator cabinet holds annunciators (indicators) which 
remain operated, and these are restored to normal by a push button. Provision can be madp 
whereby the head watchmah is able to cut in on any hne on the system, whether busy or not, 
by means of special connectors installed on the line-switch board. 

Fire-Alarm Service (Fig. 82).—This seiwice is a combination jef thb confeftnee code 
call and watchman’s service. ‘ * * • 

When a person vnshos to report a fire he dials the designated nuipber, such as ^9,Vhich 
at once sounds thq general fire-alarm signal. This is a notide {hat all unimportaAt tele¬ 
phoning must cease at once, so as to release the pwitohe^for certain officials, whose du^y it is 
to come in on the alarm numlber, and listen*to the man reporting the fire. The h^d watch¬ 
man also comes on this line by means of the special connector. * The “executive Officers 
hear the report regarding the fire and in conference deci^ what^stqps are^to be taken andf 
if general notice is to be given as t6 the^locationtf>f„the fire, the head watclman will dial the 
proper code number on the code-calling equipmen1^(see eiffi of Section 40). * 

Executive Pridrit^ (Interception) Service. —^This service allows oeftain executive, 
officers to out in on any line which may bo bsny, and either listen or speak to the parties 
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Engaged, If it is de^r^, a /x>ne can be placed upon, the line when the bffioer out£: in, to 
notify to the parties engrvge<t in conversation that such" officer desires t& speak to either or 
both of them. * ' " o , ■ 

' For tjiis service, in a, lOO-Kne system, an additional special conneotor is provided for 
each officer, and a key to switcii ^s telephone,from his regular line to tl^i^pocial.line. 

In a system using selectors, special sel^^tors must be provided for each officer’s line, 
' together with a key for switching l^is telephone to the special selector; and cue or more 

• ’ r . * 

Mult- to athe’' 
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Fia. 82. —Fihe and KnEBOENCv Axabm vos P.A.X.’s, 

Kotaby, OB Keith Like Switches (A. T. M. Co.). 

special connectors installed on each line-switdh unit, according to the amount of traffic 
required for this service. 

Secretary Service (Fig. 83).—If an executive officer, such as the manager of a 
company, prefers that his secretary should handle the incoming and outgoing calls for 
him, •iihis''arrangAment can be made, as shbwn in Fig. 83, by the use of an arrangement 
‘of‘buzzers between their offices. 

When a call comen in, the bell at the secretary’s telephone rings. He answers, and if 
it is ods to which the manager should reply, he presses a button which causes the manager’s 
buzzer to sound. The manager then answers, and the secretary replaces his receiver. ‘ If 
the nlanager desires positive secrecy, he presses a cut-out key which removes the secretary’s 
■ telephone •from “the line^ . 

When the niAnager desires the secretary to make a call for him, he presses a key to 
operate the sepretary’s buzzer, the latter answers on*his telephone and receives instructions. 
The manager replacf's his receivea and tlie secretary puts the call through, calling by buzzer 
: when thb call t^tures. 




AWTOMATIG TELEFlIOl^ SYSTEMS m 

numbef which other officials may call, and obtaii^ direcl aoc^is tc^ t|ie manager. This is* 
attamed by connecting the bank contacts of this separate numb^ to ^he manager’sJine, trans¬ 



posing this connection, and installing an additional bellln the manager’s office. Because of 
the transposition of the lines and the connection of each beU to>earth, the ringing is seledtive. 
Cafls on this particular number will only ring the manager’s bell, and he will answer personally. 


Connector Banks g£,Q, 


t 



because he knows the call is from one of a restricted group of officials who* alone know the 
number. Other calls will come in and ring the secittary’s bell in the usual manner. 

Double Number Pick-up (Fig. 84).—^If an executive officer, who has*rio secretary 
calls his office from any t)art of the estaTnishment, and finds the line busy, he asaumea f.ba>. 
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Section 44 

• SIEMENS EQUIPMENT FOR A 100-LINE PRIVATE EXCHANGE o 

J». f * *•! ’* 

Thi^ is knqwi^ a» their 'Autophone Syster^ Ifo. 2. A ^neral view is shown iil Fig. 92. 
The apparatus used inclu(tes a Hue switch, or breselebtor. per calling line, and a percentage 
of conneotoij^ according* to the traffic to be copied. <Tne preselectors and connectors are ' 
B^ilar.to those used on larger equipyients, iUiKtrffted ih Figs. 65 to 60, Vol. I, but having 
simplified circuits. The tele^one instruments ai^ also of standard patl^nm, with circuits 
as shown in Figs. 21 and 227*V^ol.,I. Thftse are fitted with the dials shown in Figs. 8 and 9, 
Vol. I., or Fig. 125, Vol. 1I.» 

The^ equipmei^s are fitted with alarm circuits, §oHhat faults cah be readUy localised, 
and remedied. • » ^ 

The battery is of 60*volts, and two sets of accumulators are supplied with all charging 
facilities. * • a» 

This equipment can be used in connection with a public exchange. 

Fig. 85 shows th*e cigouits. Sieffiens particular circuits are also shown as key diagrams, 
in Fig. 86. These arc numbered in the order of operation, and are as follows 'r- * 

1. When the receiver is lifted, R' energises. , 

2. The magnet M2 energises and steps the wipers round to find an "idle line. . * 

, .3. Relays R3 and RR3 energise, when the wiper C makes contact with an idle line 

test terminal. The wipers then come to rest. ^ 

4. Holding circuit of R3 over its 16-ohra coH. R' and M2 de-energise. 

5. Loop 1 is extended to the connector*relay R6. 

6. Holding circuit of RR3. 

7. R7 energises. 

^ Permanent loop lamp glows. 

9. R9 energises (slow to de-energise). 

The tens digit in now dialled. 

When the loop is opened for the first impulse, R5 de-energises. 

10. RIO energises (slow to de-energise). • 

tl. Holding circuit for RR3^ , 

When the loop is again«closed to complete the impulse, R6 ro-energis«e. 

12. The vertical magnet VM12 energises and lifts the shaft one step. The K contacts 
operate. Circuit 8 is open and PL lamp ceases ttf glow. The following impulses of 4ihe digit 
train act in a HiTnilar way, to lift the shaft to the desired level. Relays R9 and RIO remaih 
energised during the impulsing. At the end of the tram R5 remains ^nergised. Giifouit. 10 
is»open and RIO de-energises. Circuit 11 is open and RR3 de-enei'gises. ,j 
,13. Holding circuit of the C wire. 

14. Yielding circuit of R'rt 

The unite digit ie dialled. • ^ 

When the loop is first opened, R5 de-energises and closes cmciit^O, and RIO energises. • 

15. Holding circuit of RIO and R7, when W2jBontaot is opened on the drst rotary step. 

R6 re-energises at the completion of the first impulse. ^ ^ 

16. RM16 eTi Ar gia wH ^ and the wipers rotate one step. Additiontd impulgea act in a^ 
similar way, to rotate the*wipers to the teftninal%(ff the des^d line. 
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The circuit of thp ^00-(|l|m wuiding 6i R17 is open at 17', to prefvent Interleren^, when 
wiper C isv passing overdue terminals. i 

At the first rotary step! the W contacts are operated. < At the end of the traip, R6 re- 
njiains energised. RlO de-energises. R7 de-energises'after a short interval, circuit 16 being 
open. Circuit 16 is open, and RM16 de-ehergises. ' ** 

17. R17 energises over the C wiper. A 

18. R17 low resistance engaging circuit/ 

19. Ringing circuit through the bell of he called .station, ^ 

20. R7 is cis^trolled by R17 and co)uidbts to the ringing'distributor. R7 now pulsate 
and connects ringing current intermittently to the'-called line,‘'ever circuit 19. 

21. Each time R7 is energised ringing tone is connected tor the calling line. ‘ 

r. 22. When the cfflled subscribef auswers, R22 energises over its lower winding, ^ind opens 
the short-circuit on its upper winding. ■ 

' £3. RR3 again energises in the third conductor holding cir'euit over W'. Circuit 20 
is open, to cut,R7 froili the ringing distributor. ' 

Conversation now takes place. —(Current for the calling microphone is supplied through R6, 
and that for the called line through R22. ' , 

' If the called line is busy, R17 does not energise, as it is shunted by the 30-ohm coil of 
the line engaging the called party., If the called party has originated the call in which he is 
engaged, the C wipet will be ofi its normal contact, and there will be no circuit for R7, which 
then de-energises, as circuit 'l5 is opep. , , 

21. Busy signal to caller. 

Release. —When the, called subscriber replaces the receiver first, R22 de-energises. 

26. R22 short-circuits the 30-ohm winding of R17, which de-energises. Circuit 18 is 
open, battery is cut ofi the C wire, and R3 of the called line de-energises. The called line is 
now 'free. Circuit' 19 is open, Co prevent interference whilst the wipers are returning to 
normal., Circuit 24 is completed, and the caller gets a continuous tone, as a signal to fSplace 
the receiver. ' 

When the caller replaces the receiver, R6 de-energises, then R9. 

26. The release magnet M26 energises, and steps the wipers to normal. The C wire is 
open at 3', over M26, and RR3 and R3 of caUipg line de-energise. Contact 3' is again closed, 
when the wipers are at normal and the shaft has dropped. Contact K2 i4 open to open 
circuit 26. All •apparatus is then at normal. • 

When the'caller replaces the receiver first, R6 de-energises. Circuit 9 is open and R9 
de-energises. Circuits 17 and 18 are open, and R17 de-energises. 

' The remainder of the'release operations are as before described. 
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> Section ^5 

i ^ 

A PRIVATE SWITCHBOARD WITH A CAPACITY * 01 ! 200 LINES, SIEMENS 

(ti'lgs. 87 and 88) 

The lines are dnnded ^nto *bwo 100-line g^ups, hnd discriminators are introduced, to 
connect witl^ one or other of the groups, acco^ng.as'the first digit is 2 or 3. These dis- 
c^piinators are inserted betdreon the preselector and th*e connectors. Another function of 
the discriminator is to distribute tlie calls over fh%oonnectors. y 

Each discriminator set (Aftisis^ of twO preselectors and a set of relays, which are underdihe 
tfontrol of the caller. 

All nymbers, nc^ssarily, hdve three figures. • 

Digit 1 is avoidea as the first figure of a number^ to prevent false calls due to^inadvertent 
movement of the switchhook. 

Test jacks are provided, in order that each switch may be tested ffttm a test set, by means 
of a test plug. Similar jacks are provided on each line leaving the discriminator multiple, 
in order that the conhec^rs may be‘tested in the same manner. 

The b and c lines are reversed on these jacks, in order that the c line may be earthed, 
after the a and h lines are looped, when plugging in. X^e receiver of the test instrument 
should be removed before inserting the plug, otherwise a false impul^ would be received 
on Jhe switch under test. . , * * * 

The circuits (Figs. 87 aAd 88) of the discriminator are as follows :— 

30. Circuit 3 of the preselector is extended to R30, which ^nergises (made slow to 
de-energise). 

31. Fhrallel circuit to R30 winding. 

32. R32 energises (slow to de-energise). 

^S5. Impulse relay R33 energises. 

34. Permanent loop lamp glows. 

First digit is dialled. 

When the loop is opened, R33 de-energises. 

35. R35 energises (slow to de-energise). • 

When th^ loop is closed to complete the impulse, R33 re-energises. 

30. R36 energises. • * 

37. New circuit for R32. 

38. On the second de-energisation of R33, 1^38 energises. 

39. Holding circuit of R38. 

40. Holding circuit of R32. 

• At the end of the second impulse R33 re-energises. 

,41. R41 energises. 

42. R41 locking circuit. 

43. New circuit for R36. 

. Should the first digit dialled be 2, R33 remains encased, fln(| R36* de-energises, as * 
circuit 35 is open at R33. R32 is held energised c^er contact 40. * 

44. Circuit for M44, corresponding to the 200-liAe groi^ of connectors. The arms are 

•moved round by interrupted current. • •, 

Should the first digit dialled be 3, B33^again id-energiseg for the third impulse ; but B35* 
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tiB not de-enetigiaed, ^au8|Jt is made How to de-energiie. Circuit 43r.is open aad BS« 
de-en^ses. Contact 43 aC; R30 is open, so that Rf}0 cannot re-en«rgise when R33 re 

jt-e-^nergise to complete the finfil impulse of the first di^it, R3£ 

46 The discrijfiinator drj^g magnet M46 of tL 300-line group now enerafses and 
dnves the wpers to the temuna'is of aSi idle rbnnector in the 30(/-line group' ‘ ^ ’ 

' a6cordipg tf the position of the contact 44 or‘46 of R36 

finds an idle connector. ' ' 1} ' • xvoo, 

40. R46 energises in series with RRg ol the connectdr. ' 

, 47. The 10-ohm winding of R40 is inserted in the C wire «- 
48. The driving circuit of M44 (if the call is in the 200-Jine group) is open and the 
,discnmirmtor arms ate brought to legt on ^he terminals of the selected line 

throih W 6 from th4 preselector^s joined 

the loop 6 of the connector. R30 and R33 de-energife. R3 of the preselector 

S ^ w eneij^ed m the third conductor, through their low-resistance windings 

and the circmt tests busy to other discriminators. ’ 

•' I«8,S“b« iXgir* 38. 41- .ra op«„, „d R34. 

Release. ' 

R46 ^ ^ de-energises. R3 of preselector de-energises first, because 

fnd +h ““‘ie How to de-energise by the short-circuited 000-ohm coil. Circuit 48 is closed 
and tpe discntoinator arms rotate to normal. ' 
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•Section 46 

OPEZIATION OF POWER jLiSTO ALARM CIRCUITS? SIEMENS AUTOPHONJE 
SYSTEM* (Figs. 89, 90, and 9k) 

The exchange is operated ftbm a 60-volt battery <5f accumulators. A small dynamotor 
(Kg. 93) driven from ttfe battery, supplies the lining iRid tone currents. This machine 
alro operates a number of spriri^s, by jueans of cam?, to provide interrupted driving current 
forthe preselectors. Keductioll gear and slow-speed^ams control the alarm circuits provided. 
T’be machine ic controlled by^a day dhd night switch fitted on the pc^er panel When 



the switch is thrown to th^day side, the machisie runs continuously, and wfien thrown to the 
night side it is donnally stopped, but commences to run as soon &s a call is nj^de. When the 
machine is started by a call, under the latter conditions, it is kepf running for a period of 
two' minutes, after which, if no further call is made, it automatically stops. If the call is 
unanswered within two minutes, a tone given to tl^p caller will cease, anA^he sail can>then'be^ 
cleared or a further one made. It is only necessary for the machine to run durii^ the^ 

setting-up of the connection. ^ * 

• An alarm bell and lamp signal are provided 1 ‘all attentioh to abnqjmial conditions, 
such as the breaking-*dp of a fuse, or a receiver U placed. In the latter ca#e a time-lag 
device is ifttroduced into the alaJm circuit by ifleans of ? caftf on the machine, which prevents 
the alarm coming into action during nonnal operations. 

Preadedor driving circuit, . 

Preselector driving. The preselectors, and dijcriminators when provided, are driven 
by battery current, supplied through interrupted corAacts operated by caps otf the dyna- 
%K>^r shaft. 

When a preselector, ot discriminator, ft to opeFate, the promt of its dnvmg magnet is 




Fig. 92. —Siemens Automone System No. 2 eob 100 Limes. 



















Fig. 03.—DyNAMOTOK op Siemens No. 2 Autophowb System. 


Stepped round. A separate driving lead is provided for each rack. 

Each interrupter contact is provided with a relay, RR2{DK), to’prevent thfi interrupter 
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energise and introdikscf the jOOO 8hms in series with, the driving ma^et, so protloting ,it 
from undpe heating. ^ spark-quenching circuit is previded across the contact. 

Ringing and Ringing Distributor Circuits. 

• R^ing Supji ^.—'!fhe aJternating current required for ringing the telephoi^e bells is 
obtained from a winding on<tl^ dynamotor<annature, over sh^-ringb^oAe.of which is con¬ 
nected to earth. A separate pai^of ^eads^is taken to each conneqtor-rack, and a 300-ohm 
resistance is fitted in the supply wiife,,to prevent the ringing winding on the machine being 
short-circuited on any of the racks. r 

Ringing Distributor. —The ringing-distributor contacts are controlled by cams, operated 
by reduction gearitfrom the shaft on the mibchine. ” The leads afe earthed for a period of one 
second in every six; thus giving one second’s ring to five seconds’ silence. 

The Tone Circmt. 

, The tone, indicating the buSy or idle condition of any line, is obtained from tone coils 
wound on special interpoles on the dynamotor, and ei^rgised in series with the field. The 
tone, which results fronj the action of the armature teeth on the magnetie field of the maehine, 
is taken through the primary winding of a transformer, and from the seeondary it is dis- 
tributad^to. the eoimeetor-circuits. Earth is used for ihe return of the tone cireuit, so that 
onl^ one lead is required to eaeh connector-rack. 

The Alarm Circuits. c 

‘ ' ^Main Fuse Alqrm. —^arm is provided for the main fuse of each rack. The relay 
B52 (ME. 1500 ohms) is connected across the main fuse, by means of a special fuse mounted 
adjatlent to the main fuse, and a fuse on the 60-volt bus-bar. On the main fuse melting, 
due to an al^normal cuqrent, B52 energises, ^he circuit is completed through the earth or 
short-circuit. • Circuit 52 is a holding circuit for R52. 

53. The main fuse alarm lamp glows on a particular rack. 

54. Circuit of alarm relay fl54(AB). 

55f Alarm 4)ell circuit. 

When the fuse is replaced R52 is short-circuited. 

The alarnf lamp, relay, and bell receive current through the special luse, so tnat tne 
melting of the main fuse does not afibct the signal. 

Distribution Fuse Alarm. —These are of an alarm type, the spring connecting the main 
bus bar to the *larm bar. ‘Battery is connected through the 1000-ohm coil of R5ll(PA), 
which energises.* ' • • ' 

In the ca^ of a drive distribution fuse melting, the interrupted current passes to'the 
alatm Iftr, throttglyHe 600-ohm coil of R5ifi(FA) over circuit 57. R56 is slow to de-energise, 
‘therefore is not affected b^ the interruptions, and remains energised. 

* The distribution fuse alarm lamp glows on the particular rack. 

•69. Alarm rglay circmt in which R64(AB) energisfig, and closes eijeuit 66 of alarm bfell. 

Alarm‘Circuit on Slow-acting Circuit. 

• PerpuinerU Loop Alarm. —Tins indicates ^hen a receivel" has not been replac8d, or the 
line is earthed, or shoft-circuited. In such conditions>the line is extended to a discriminator, 
.or connector, if a call^ad bq^n made. A switch is thus needlessly held as engaged. The 
position of the switch does not give any indicatibn of the trouble, it being at normal. A 
lamp is, th^refor^ provided to^ndicatA such occurrences. 

The calfing condition must be maintained for a period of two mifiutes, without impulses' 
being dialled, before the alarm iy brought iato operation. A time-tag device takes care of this. 



.9 .9 


is operative,'and 


ItJTdMATIC 

'Ame-lag (Ji^ult.— When oireult 8' of the connector, orwircuffc M of the discriminator, 
18 completed, the PL relay is energised in circuit 69. A PL relay is provided cer rack of 
connectors, or discriminators, i. 

Th^ alarm fam, driven by reduction gearing from the dynamotor shaft, maker'a revolu¬ 
tion m two minute* Tbp higii portion of the cam causey the centre to make contact with 
the outer spnn^ and t^ lower portion of the cam aUows^he centre to make contact with the 
inner sp^g. Between these points both circuits ^re open. 

• 60. When the high portion is operative R60(S) energises. 

61. R60 holding circuit. • 

62. The cam makes nearly a revolution end then the low 
T162(Z) energises. 

63. Holding circuit of R62. 

64. The permanent Joop lamp on the partioulAr rack glows. 

65. Alarm relay energised, alsg that of alarm bell. 

The operation depends on circuit 60 being closed for a predet^ined feme; as, shottld 
It release, R60 wiU de-energise, and cannot be re-energised until the cam makes another 
revoJUtioDi. • 

The switches concerned can now be traced by means of the rack lamp and the permanent 
loop lamp on the particular switch. 

Sh^ft Sticking Alarm.—This draws attention to a coipiector which fails to MSmo 
prqperly. • 

66. On the release magnet circuit being closed, current is drawn through the Rllfrelay 
common to the rack. 

To ppvent an alarm being given under normal conditions, the alarm is associated with 
the time-Jag device mentioned. 

67. Circuit of shaft sticking lamp on the rack. 

68. Circuit of R60(S). 

1 connector stick, the releasing*current will not be cut; as K2 wiU not open and 

re ay, K66(RM) will remain permanently energised. Circuit 66 is closed^ and the alarm ' 
relay and bell operate. 

Pernmneni Drive Alarm.—This draws attention to preselectors or discriminators driving 
continuously, wluch may be due to there being no idle connector, or to one failing to return, 
to normal properly. This is^also associated with the time-lag device, so that normal working 
does not afiect it. * * 

In the case of a permanent drive, R61(DS>is held energised in senes with tlTe dn'ving 
circuit 51. • ... “ 

69. Circuit of permanent drive alarm lamp on the rack. 

70. Circuit of B60(S). „ 

.Should the condition be maintained until R62 is energised, as before described, the lamp 
glows, and circuit 66 is closed to give the audible alarm. * ' 

Motor Control and Night-Storting Circuits. 

• Night Condition.—When the motor control switch is in the night posifipn, the machinff 

norm^y stopped, but commences to nln immediately a call is made. The starting circuit 
brought mto operation by the closing of the preselector dnving-magnetsDircuii 
. 71 R71(I)A) enermses in series with a 1000-ohm resistance, RR2 (&•’interrupter 
contact), over drive bus-bar on rack, to driving lhagnet, and earth. R71 energises 


• • 
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72. ^ B72(NS) enwgi^. 

73. Mptor circuit. , 

74.1 B71 is short-circuited hy ’6 winding of B72, and cpnnecting battery ilo the ,60-volt 
interrupli^r bus-bar,^ thu^ providing current to operate the driving snagnet of the calling 
preselector. During the tima t^e preselehtoa is driving, relay B61 is, hbli} energised and 
completes a holding circuit for B7^. , , 

Circuit 73. B72 is held energise 4n series with the dy^motor, and doee ndt release 
when circuit 69 is opened, when the preselector completes its drive. The motor-control cam, 
which is driven by reduction gearing from the shaft of the machine, now operates the motor- 
control spring set, which, on closing its first, contact, called the barly-closing contact, makes 
the motor circuit iiuependent of B72. Its second contact; caUed the late-closing contact! 
closes immediately tliereafter, sho/t-'circu^ting the 'd-ohm winding o;E B72. B'Z2 is thus 
ie-epergised, unless still held ovei^^circuit 69. ^ 

The contfol-spring set remains in this condition, w'jth both contacts closed, for twelve 
seconds, the cam then allowing the late-closing contact to open, but keeps the early-closing 
contact closed. Circuit 72 is now completed, B72 winding is short-circuited, and the machine 
is kepti^mping from battery through B72. The dynamotor continues to run until the 
cental cam reaches its normal position, and the early-closing contact opens. 

If a further call is n&de whilrt the dynamotor is running, and both control contacts 
closed;'on the closing of the spcSnd driving-magnet circuit, B71 is again energised, and also 
E172 in circuit 72. Circuit 74 closes and current is supplied to the driving magnet, B51 again 
iolding B72 during the time driving current is required. 

If a furtjier call is made whilst the dynaipotor is running, but after the late-closing 
contact is opened, on the closing of the driving-magnet circuit, as before, B71 and B72 are 
energised. As the late-closing control contact is now open, circuit 73 will hold B7^energised 
after B71 and B61 have de-en^gised. The motor circuit is now maintained over B72, 
early-clocing control contact, and circuit 73 in parallel, dynamotor, to earth. 

When the control cam reaches the normal position, and both control contacts open, the 
motor circuit is btill maintained through B72 and circuit 73, and the control cam is driven 
through another revolution. The control cam proceeds to close both control contacts, B72 
is short-circuited, so that it de-energises, and^its back contact is closed. The dynamotor 
,is now again under control o/ the early-control contact, and when the cam reaches normal 
again, the contact opens, knd the machine is bnPight to rest. The dynamotor is started by 
any demand for driving current. 

'The'Slow'i^ct^ii Alarm under Nigjit Conditions. 

Condition for Klarm.—^n order to ensure that, under night conditions, the motor runs 
for a' sufficient time After the alarm conditions are set up, the slow-acting alarm cam has a 
definite relationship with the motor-control cam. The high portion of t^e cam does not close 
the contact until after the late-closing control contact has been allowed to open. 

„ Alanps are ^ven under the fofiowing conditions :— * 

(a) An alarm conefition set up when the machine is at rest, or underrunning conditions, 
tluring the periqd when both control contacts are closed, will cause the dynamotor to ruik 
until the control cam has mode one comply revoliftion, thus allowing both the high and low 
portions of the alacm cam to pa^. ' 

(b) An ahum condition set up after the control cam has passed the position where both' 
control contacts are closed, andethus, aftei*the high portion of the alarm cam has passed, 
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will owise the n^titqr to run throughia’further complete revolution bf 4he control cam, after* 

the normal position has been reached, and so allow the high and Ipw portions o| the alarm 
cam to pass & second time, and>thn8 bring in the alarm bell ftn^ lamp. 

Operation of the Power Gircxit. , , ^ ^ 

Gharfiing. —Char^png ^urrent for theabatteries is obtained from D.C. supply mains, 
or motor generator. A^rheostat is provided to regulate t^e strength of the charging current, 
and, on biosing the charging ^witch, current is introduced by way of the ammeter shunt to ' 
Ijattery No. 1, or battery No., 2, according to the position of the coupled battery change-over 
switch. The strength of the charging current is measured by throwing the ammeter switch 
to charge (see Fig. 91). 

* The rheostat is adjusted to give the correct charging current. 

The woltage of the battery under charge is laeasured by throwinL 
towards battery 1 or battery 2, whichever is being charged. « 

Discharging .—^The discharge ^urrent for the whole equipment is passe^ through the 
discharge ammeter shunt, so that, by throwing the ammeter switch discharge, the stren^h 
of this current can be ascertained. 

The voltage of the battery is measured by throwing the voltmete; £a*tch, as* 
previously described. * 
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Section 47 


DKAr««jn -uf ifiCES FOR CAPACITIES UP TO 200 LINES * 

^ j I “ t ■ 

The Relay Automatic Telephone, Coihpaaiy’s system h^s been gene/oHy described in 
voi. 1 , page 249, and it is therefore unnece^ary to point out its salient features.. 



Ro. 94.— Tbtokino Scheme in SinoIiE Stage Exchange (B. A. T. Co.). 


* A lay-oi\t opschematic diagram is shoAm in Fig. 94 for a 60-line installation, 

and Pig. 95 shoiya a corresponding (Jiagram of connections. For installations above fifty the® 
principal mo^fication consists in additions to the, ro-oaUed, rmyrder and morfcer on the lines 
inioated in Kg8.rl94 and 195 of Vol. I. The diagram (Fig. 96) is suitable for a purely 
private mstalration or for local conneotiqns in a jirivate automatic fcranch installation In 
connection with the public' serviee. 
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Special featu^ will be deacrijbed in che circuit (^cri^on. • Tjbe circuit ia numbered 
as follows 

l^tatioif 27 is to be called^, . ^ 

1. ^ Receiver lifted R'(LE) is energised. The eartheci, Annding on R' is w^^und no^ 

inductively. ^PBoJ RR' also ^nergises. o •* , ‘ ^ ‘ 

2. R(^(OTT) energises, and closes the out-trunfc test circuit. 

3. ’RSfLM), R3^(0TC),^ RR3(BBM) energise, s The thermostat commences to heat.* 

, Note that a li'nk and its asspciated ont-trunlc millSt be idle. A link has been connected 
to the oMt-intnfc by R3'(OTO). • 

4. R4(LC) energises. If the cAJl Is effective the lamp will not ha^ time to glow fully. 

The caller is now connected to'the link. I * 

6. The out-trunk holding circuit in which «R3'(OTO) and R4(LCJ are held, and R6(CO^ 
and R6'(F) are energired. Circuit 1 is open and R', RR' de-energise. Cimuits 2 and 4 
are open. 

6. Impulse relay R6(A) energises over the caller’s loop. 

7. R7(G) energises, is slow to de-energiso. Test circuit opened to hnsy out trunk 
and link. R3 de-energises and the lamp ceases to glow. Circuit 5 is now complete over 6» 

7'. The A and B feed lamp L7' glows fully. 

9. R9(RP) energises in series with holding coil of JIiR3. 

10. Finding an idle recorder, RlO (RCl), and R10'(P} energise, hnd busy lampl.MJ (in 

Parallel) half glows. If the first recorder were busy the test wire (T) would be open at BY 
contacts. RC2 would then energise over BY contacts in the second recorder. * 

11. The recorder is prepared. Rll (RG)(energises and prepared lamp Lll (in parallel) 

glows. ' • 

12. All units relays operate over the contacts of their respective I relays. 

^ 13. Relay Il-O operates. • * 

^4. Ul‘0 de-energises and I2'7 is connected to the imptUse wire IW»over th£ contacts 
of all units relays. * • 

The recorder is prepared, but other subscribers still have access to it.® • 

The dialling of the first digit 2 opens and closes the caller’s loop twice. R6(A) 
de-energises on the first break. • * 

15. Rli? energises in series with the holding coil of R9. * , 

16. New holding circuit of RR3(BBM), R15(FI), RlO(RC), ft which 'ill6(BY) energises*. 

Ihe latter is slow to release. The recorder test-wire is opened at BY to make the recorder 
busy and inaccessible to other callers. ^ o v » r* 

17. New locking circuit for RlO'(P). Lamp LlO is in p*allel RlO' in circuit 17, • 

and now glows fully. p • • 

18. New holding circuit for J)-0 in which R18(IH) enetgiSes. TJntU R16 ener^es, 

R^S is short-circuited to give ample time for the operation of Rll. * 

19. Rll is connected tfl the impulse-Vire circuit r4. Rll remains energised dfuring 

the train of impulses. * * • ^ 

R0 re-energises on the make of the first impulse and R^(RP) &e-energises. The impulae* 
circuit 14 is again established. * * ' * 

Second impulse, break. —R6(A) de-energises, bonnec(^ earth to the impulse wire 14,» 
and 12-7 energises. 

20. Holding circuif of 12-7 over circuit 18.« 
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r U2-7 is now connected to^the nnpulse wiie44 an() will de-energise at the end Ht the 
impulse.' < 

Secondtmpulse, make. —R6(A) is re-energised and eartl^ is cut from circuit 14. , 172*7 
de-ienergites. 13*8 is^connected^to the impulse wire. 71*6 holding circuit 18 is opened and 
IJ1*6 enerpses over c^cuit 12. ^ . c ^ 

In the interval between the first aild second digits the I and 0 relays are as follows:— 
‘12*7 is locked in series with Rl8(lrf),'i;lje otfier I relays being at resti U2*N is at rest, all 
others being energised. ‘ , , ' , 

Rll(RG), being connected to the impMlse wire 14, de-energises slowly. 

21. TN2*7 enemses. ^ ‘ 

22. R^2(TNH) t nergises in series with TN2*7. c 

The tens digit is how stored by “^the locking of relay TNS*7. (lircujt 18 is opened, and 
Rll(RG) re-energises. The release of 12*7 allows U2*7 to re-energise. Il*6 is then 
connected to the impulse wire 14. 

‘ Second digit —^The''Qounting operations of the second digit are similar to those described 
for the first except the first impulse, break. There is now no recorder holding circuit to 
establish 

First impu'se, break. —^The caller’s loop 6 being opened, R6(A) de-energises. Impulse 
circuit 14 is earthed and 11*6 energises, and locks over circuit 18' in series with R18. 

' Ul*6 is connected to the'impulse wire 14 over 23. 

First impulse, make. —R6(A) re-energises, opens 14 and Ul*6 de-energises. 12*7 is 
conneetbd to the impulse wire 14. 

Second impulse, brea^. —R6 de-energises, (^cuit 14 is earthed and 12*7 energises. 
12*7 is .locked in series with R18 over circuit 20 and 18'. 

24. U2*7 is connoted to the impulse wire 14. 

Second impulse, make. —R6 re-energises and U2*7 de-energises. 

26. I,S*8 is connected to the impulse wire 14. Circuit 18' is opened and 11*6 de-eneigises 
and closes a circuit over 12 to re-energise Ul *60.' 

1 26. The remaining impulses operate corresponding relays in a similar manner. After 

the fifth impulse is received 11*6 is reconnected to the impulse wire 14, and the counting 
operations recommence to progress through the I and U relays from 1*6 to 5*0 with the 
following modificafjons :— ‘ 

27. The sixth Kmpvlse,*break, actuates an additional relay R27(U6C) whose function is 
to differentiate between digits 1-6 and 6-0 at the marking stage. As the second digit is 
7, R27(U6C) will q^fjerate at the sixth impulsq, break, to co-operate with TN2*7 (now locked) 
to'suppress 2 and sSect 7 at%he marking stage. 

Rl8(IH) remains 'energised until the end of the impulse train. 

28. « R27(U6C) Rocking eifeuit. , 

When the last impulse is sent in, 12*7 is locked in series with R18(IH), other I relt^ys 
being'tat rest. U2*7 is de-energi^bd, and all bthers energisfed. R27(U6C) is held over 
circuit 28. * ‘ ‘ ' * 

«. Marking. —Circuit 14'is opeped, R6 being energised after impulsing, and Rll(RG) 
slowly de-energises. 

' 29. R26(MC) energises. 

30. R20 ^king circuit. 

Each recorder has an R29(MCj relay, afidonly one can be energiSed at a time, therefore 



only recorded can control the marking vHres. Two r^ord|f8 oannQt mark siniultaneonaly* 

It takes less than one-tenth of a seoond to mark. ^ * 

The operation of R29(MC) wiD mark one of the two fifties marking wires wthobattery 
but, as in the present example, theip is only one fifty to choose fronu these wir^ are blot 
in use. • ^ , * * ° * 

. 31. The out-trunk is Parted and ringing prepared. ll3r(RG) and R3'(OTM) energise 
in parallef. 'I * - * 

32. R^r(RG) locking *ci?cuij. ^ 

33. Circuit of the fives marking wire. R33(1TT) energises. 

34. Recorder meter eAergis^8. ° 

Circuit 10 is open and B10,'(P) de-energises slowly. LlO ceases tofglow. 

36. In-trunk tfst circuit. * R35(LM), R36'4ITC)* RR35'(OTM) dnergise. RR36(ITB)« 
does not energise wilh current through its test coikonly.* This relay is difiereijtially wound 
and operates when the Hblding coil only is energised. * 

The link is connected to the iS-trunk. 

36. The called subscriber is marked and R36(LC) energises. 

If the line is busy, tjie above circuit is open at F contacts (36'). Busy tone^i^.ljsn given* 
to caller. 9 * 

37. In-trunk holding circuit. R37(F), R3'4'(CO) energise, and R36(LG), 

R35'(ITC), RR35'(0T/IT), R16(FI), RR3(BBM) are held.' RR35 detes not energisec .* 

38. Ringing circuit. R38(RT) energises when the subscriber lifts the receiver. 

RlO'(P) does not de-dnergise until R36(LC) has energised, then all recorder^relays 

de-energise. R16(BY) is made slow to de-energise to keep the regorder busy until all other 
relays have released. The recorder is now* fully released. , . 

R31(OTM) also de-energises. R36(LM) then de-energises and RR36(ITB) energises, 
the test-coil circuit being open. R33(ITT) de-energises. • * * 

39 (partly over circuit 38). The called line is connected to the battery feed relajs R39(B), 
which energises and completes the talking dlrcuit. * 

R6 controls the release from the caller. If the called party does not replace the receiver 
prompt!}’, R5'(F) is held over the pilot relay. • 

41. Pilot relay ener^ses. Thus a trunk,cannot be held busy. 

42. If th6 caller fails to release, the thermostat operates. * 

43. R6', R5, R4, R3' ase shunted andorelease. 

* Additions and Modifications necessary for 'Use in the Public Service. —Fig. 96 
shows each local line provided with a lamp^ and jack and how* ^h^ are SSsoeikted 
with the subscriber’s unit. Fig. 97 shows a trunk to a commdh battey exchange, and a 
cord-circuit for making the necessary connections. ° * * 

, When an exchange comiection is set up, battery for the Idfcaf microphone is piwvided 
from the main office? * 

When an exchange conn«;tion is requiibd, 0 is fiialldU to call-in a local operator Jlvho^^ 
completes connection to a trunk. Far inward calls the main office rfaging-emrent operates 
an indicator, a condenser being in series. Again the local operator completes the connectioiv 
manuaUy. o * * 

Some minor modifications are necessary on the recor^r, the natur^ of these varying 
according to the capacity of the local office. 
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' ' WOBKING (R. A. T. Co.). 
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“ SELECT-O-PHONE ” PRIVATE AUTOMATIC EXCHANGE 


m" 



tka. 08.— Selbct-o-Phon-e Privatk ExaHANOB CiRomrs (PKTTioaKW & Merbiuan). 

• 9 

• 

PrflduclS Corporation, U.S.A.), for installations up to 33 lines. In addition t& dir^t 
secret service it provides for conference faffi- 
lities for three or more people and with a 
direct call or code circuit for calling to the 
nearest telephone anyonfi wanted who may 
be at'some uilknown point in the establish¬ 
ment. The circuit is shown*in l?ig. 98. •It 
is Ifhilt up in* sections as shown in Fig. 99, 
and therefore can be readily extended. The 
instrument may be of the type used generally, 
and Fig. 100 illustrates a convenient design 
with handset and dial or circular impulse sender 
atta«^ed to the base. 

The ereceiver is lifted after the dial has 
been set to make a call, and a ringing-key 
depressed after the dial has returned to 
normal. TJJie dial is locked during ooiiv(!l- :^g. qq.-^-S^ot-o-Phonb Switch Paotl. 

sation to prevent interference. ^ a * j • i j 

The dial has two sets of contacts. Thb impure contact is normally open, is closed 

intermittently to send impulses. The ringihg-fm^'tontact ij only closed when the dial is at 
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normal., The first setting mpvem(jnt opens the oontapt to prevent disti^banoe should l^e 
ringing"-kev be irregularly depressed. t 

A ’Stepping rotary switch is associated with each line. It has three magnet^. D receives 
Vhe imp\ilses and stpps the wiper to the required nunqber. M serves two purposes—holding 
the ratchet' pawl in 'position dpring impulsing and switching ^the line to ,thb taUang'^position. 
S tests the required line and connects busy tone to the caller if the wanted line is busy, t 
Magnets M and S have contacts to control the circuits. M has two armatures, one 
operated immediately the receiver is lilted to insert thp pp.wl into the selector ratchet and M , 
retain it in the po|iition set by magnet D.( The second armature is operated after the ringing- 
key is depressed. ' Spring set Ml is controlled by tiiis second arlnature and opens the circuit 
of testing magnet S(when operated. It also connects the line to the wiper for talking. 

Magnet S carries spring sets 81 rand 82, the former clbsing a locl(ing circuit, for the S 



magnet,' to pi event the busy tone being stopped by the caller 
depressing the ringing-key wrongly. 'S2 contact connects the 
busy tone to the caUer. 

,The commutator contact WK is adjusted to close only after 
the switch has taken its first step and rthe second is not quite 
completed. This contact is required for the general call circuit. 
The contacts are shown in their normal position. 


‘Fig' 100 .—SELBcT-e- circuits (Fig. 98) are numbered as follows :— 

Fhonic Table In- 1. The dial being set and the receiver lifted, the C wire is 

^sTRUMBNT. connected to the switch. Magnet M inserts pawl in the ratchet. The 


, circuit resistance is such that the second armature is not attracted. 
,2. The impulse circuit is closed a number of times and magnet D is energised a corre¬ 
sponding number of times. The wiper is stepped to the required line. ' 

3. Ringing-key is depressed and short-circuits the transmitter, so that the M magnet 
pulls up its second armature, which is then held in that position. * * 

^ 4. Ringing-circuit, over 4 of the calling and 4' of the called line. 


The called Receiver is lifted and conversation is carried on. 


Line busy. 

6 . When a r^eiver is lifted, positive battery is connected to fhe multiple contact. 

6 . Another party calling this number, his S relay is energised over circuit 6 and locked 
over contact 6", so that it is independent of contacts Ml and 

7. Busy tone control-circuit. R^ay B energises. 

8 . Tone relky TK energises and busy tone is induced in the second winding of B. 
Binging. —ife bell is twg by lowerpg the resistance at the calling instrument. Ringing 

ceases*because the l^ell is shunted by the M magnets of the calling and called lines in parallel. 

General Call^ —The'geheral-call relay is controlled from the first contact of the multiple. 
The WK coihmutator is not closed, and consequently the S magnet is not connected tg the 
wifier. '^he line is therefore liiit bhsy. This allows the 'call to be answered firom any 
telephone. 




<ote .-Jmpulsing Sp, a, breaks fbom 
^snd canci contacts tvith 
After imp, contuctsas 
shown. 


Sub, 5. , 



Impulse Sp^s ® . 


«Af2 


[S7 _I • 


fib 

r 



e Common Return 

^ A 

Fig. 101.— Circuit op A. E. Stbvbns’ Private Exchangk Sysimii 

Mingle wiper being used. The switch has also a set of contacts controlled Ijy an<-anu, which 
are pi^ed when the switch makes a call. One switch per line is fitted., The dtaUlso has a 
capacity for 100 lines, and for, say. No. 90, ninetjM impulses %re sent out. 
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other futures will'^be defiorib^d with the circuit coperationa* 

Fig. 101 is a diag^ajn of connections, the circuits bring numbered as follows :— 

Sit^pose No. 4 calling No. <6. . 

1. When the receiver is lifted and the,dial pulled-to 5, R' energia38 five^times. 

2. The selected magnet ^M2 .enerjgiseft five times. Thp wiper W,-moves to "the fifth 

contact. r * 

3. (bnnector relay R3 energises} 

4. Connector magnet M4 circuit. 

5. The callen is connected to the called line (this circuit is completed when the called 
receiver (s lifted to answer). 

6’. R3 of called line is energised. r ■ ' ' 

6. Ringing-key at instrument RK is pressed and R' energises, to rjng the called party. 

. 7. Ringing-circuit over called line." The direct current bell is rung whilst the key RK 
is depressed., 

* The talking-circuit, is over a common battery lead. The theoretical talking-circuit is 
shown at A. , 

8. Jf-ibe called party is busy, R8 energises. ■■ 

“h. The bmsy circuit is then completed over contact !). 

10 . (RlO is energised fnterruptodly. 

I'l. Busy tone i)} given tp ^he caller. 

^When the calling receiver is replaced, R3, and then M4, de-energise to break dowij the 
connection. 

12. A cjrcuit is mul,*ipled over all the switches as a general call. When a call is made 
to this line, Rl<2 energises. 

,13. The parallel bells all ring. A particular code is sent to bring the particular party 
to a telephone. ' 

^ A j;lurality*of lines are provided for exchange service. 
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Section 50 


THE COUCp AUTOPHONE SYSTEM OF P.B.X. W(HtKING, AS USES BY ^ 
' THE PRIVATE TELEPHONE AKD ELECtkiC COl^PANY . 

This^ie an automatic Bystem designed to take the place of the well-known intercom- 




Kig. 102.— Couch 100-point Diai. (Pr. Tele. 
AND Elec. Go.). 


Fig. 103.—Couch Individual 
SeIiEctob. Front View. 


municafSng system. This is a 3-wire system. The switch, of which one is Dequired^er line, 

__ • - __ 



is a circular one with 100 
the numbered contacts. 


cratacts and 1 wiper. Fi^. 103 is a front view of the s\?it»h showing 
Tig. 104 is a rear view Ihowinir the two ITIAITnnfa Fin 1 0O i.. 
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OO-po^rt dial with ofjeratingflevers and ringing-key? »A, B, C‘at the beginning of tlie scale 
-epresent^ three exchange lines. Fig. 105 shows the type of wall instruments, used. 

Beeides the usual local ^and exchange facilities, the aniangement has several interesting 
features. , ^ f r ' 

Conference Facilities., —When'one .party dlls another and information is desired from a 
third party, the one called may cull in the third, the third mayWlljn a fourth,- and so on. 

General Call .—^When a party is upt in his office, but is known to be in some other part 
of the building, a number may be called wliich will ringbeils situated at various points. The 
ringing is in code',', and the party, identifying the code, steps to the nearest telephone, when 
he is in direct communication with the party calling. 

The switchboaf^ are made in various sizes, from 15 to'^106 lines. 

As there is a switch per line carrying cbntacts for the whole of the installation, it will be 
understood "tha^ every line may be talking at the same time. r 
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Section 51 

VILLAGE AUTOMATIC* EXCHANGE SYSTEM, 100.LINES’ CAPA(?niV 

' (SIEMEI^) 

•This automatic equipAient meets the partioula*’ r^uirements of villages and small 
towns whfere the cost of constant attention would be h‘gh. 

. This equipment, which is of Jhe full automatic 2-figure type, ma^ be left unattended 
for any period up to one week, a system of alarma having been arrange^ to call attention 
to any faults which may occur. * 

* The facilities provided include bothway junction working to C.B., iL'.B.S., magneto, or 
trunk exchanges, and, party-line working,, by meavis of ah automatic code-eall system. 

The following signals^ which have been standardised by the British Post Office, are,also 
provided ;— ^ , * 

1. Dialling signal; a continuous clicking noise of a comparatively lo\^■ frequency,"to 
inform the calling subscriber that dialling may commence. . 

2. Ringing signal, an interrupted- clicking noise of the same frequency as j^he dialling 

signal to inform the calling subscriber that the called subscriber is being rung. •’* 

3. Busy tone, an interrupted tone of a comparati'Mely high* frequency to inform the 

calling subscriber that the called subscriber is engaged. * , * •' * 

^4. Number unobtainable tone, a continuow tone of the same frequency as the busy 
tone, to inform*the calling subscriber that the called subscriber is unobtainable, as, for 
instance, when the called line is out of order. • 

Transmission.. —The “ noise-proof cord-circuit” system of transmission “is employed, 
which consists of repeating coils with condensers and relay and impedance coil battery supply. 

Boften'fts.—-Duplicate 40-volt batteries each of 60 ampere-hours’ capacity are provided. 
Each baitery is capable of operating the exchange for approximately three days. • 

Power Plant.— The arrangements for charging the batteries can be varied to suit the 
local conditions. * 

Where a supply of electricity is available the batteries can be charged either through a 
resistance or from a moto/-generator set. Alternatively, a portable chargiAg set can be used. 

Fbr exchanges where none of the above methods are suitftble, a gonerfl^r driven by a 
petrol engine is provided. This can be either started by hand,'or can be automatically 
conDtoUed,' as described later. The charging of the battery can bb stopped automatically 
if desired, by a modified form of ampere-hour me^r. ' • 

Test Set. —Suitable testing sets are provided to enable every ^art of the equipment to be’ 
systematically tested, so that in many cases faults will be detected before any trouble 
recults on the equipment. ^ 

Rapacity. —The equipment has an ultimate capacity of 100 subscribers’ lines or 
90 subscribers’ lines and 10 jhnetions, with* selector swifbhes to'enable 14 simidtaneAis 
connections to be made. •J, • 

, A main distributing frame, with c&pacity for 100 lines, )s proviaea, aim ciiis carries, ua 
addition to ^he protectors and fuses, the apparatus jor coifnecting fault}' lines to the riumber 
unobtainable tone-circuit. 

Racks. —A 100-linb equipment consists of two racks. _ 

These comprise a m&in rack with capacity*^r 60 lin^ (including junctions) and 8 
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selector pwitohes (Fign. ‘106 apd 1^7), and an extensiorj rack 'wtth capacity for 60 lines and 
6 selector switches. ^ ^ ^ 

Eq'aijfments can be provided for any of lines and selector switches un to the 

** A , • ” ff 



Fio. lOO, VnxAGB Atitom^ti^ Exohanoic Equip- Fig, 107.'— Viu*aoe Automatic Exchangk Equip¬ 
ments 50-une Rack (Siemens). Fbont View* ment, 50-ijne Rack (SicnaENs). Rear View. 


iiltibiate,^ §nd the racks are so de'sigiied that'switchos can be added as required,' without 
my alieration'to^the existing apparatus, or interferenSe with the exchange service, 
t AU equipnaents are wired totthe full capacity of the rack, thereby reducing to a minimun; 
the amount of wiring to be done on site, v'hen an Extension is being added. , 

Telephone Iryttrumenta. —^T|ie telephone instruments supplied with the equipment may 
\>e either ef fne type supplied to the British Posf OfiSce or of the cohvertible wall or teble 
hand-microphone type (Figs. and isfiy? 










, - - p' ' * * ■ ‘ '■ ■ , . >'-'. 

P^eaeleetora.-^E&eh linrf is providtd with s preselector \^eh lls driven by in^rmpted < 

current, an(^ its function is to extelfrd the calling line to a disengaged selector (coflnector) 
switch., and so place the selector^under the control^ of the dial on the telephone iiuftn^ent. ^ 

* The presel^tors <Bre arraiiged in panels of tej,. 

Seleeiors {Connectors). —^The selector is the automatjp switch, havhlg both Vertical and 
rottlry motion, by which tbb connection is set up, the tongs‘transmitted and ringing sent out. 

The'whole of the lines on the equipment are oonr«ected to its contact banhs which are 
ganged in ten levels, each of teQ sets of contacts. 

A shaft carrying three wipers is lifted step bywtep by the first set of# impulses received 
from the subscriber’s dial ahd comes to rest with the wipers opposite the ■<^anted level. The 
second set of impulses serve to rotate the wipers until they are brought t® rest on the contacts 
of the wanted line. > » ' • 

The shaft is release(^and falls back to its normal position when the receiver is replaced 
on the hook. ^ , * 

Relay Sets. —Associated with each selector are two relay safe, one, containing two 
relays and two retard coils and the other containing eight relays. * 

These relay sets are^fitted with Knife contacts. Spare sets are provided, in order that a • 
faulty set may be replaced and the full service of the exchange maintained while it is receiving 
attention. , ^ 

Motor Interrupter. —The machine provided for supplj^ing'the rihging, tonerf; .aignffls, 
an^ interrupted current for the system has been specially designed for these automatic 
systems. * 


It is driven from the exchange battery and requires a very ^all current. * Its circuit 
is so arranged that it starts up when a subscriber makes a call, and is idle when no oa]Js are 
in progress on the equipment. 

Tim machine is similar in appearance to that shown i» Fig. 93 a. 

The ctirrent for driving the preselectors and selectors is interrupted by eontactsK^>perated 
by cams driven direct by the motor shaft, while a third cam is used to supply the si^al 
current used for the dialling jand ringing signals. * 


The ringing, ringing signal, and busy-tone interrupters are cam-operated contacts 
which are driveii through reduction gearing frem the generator shaft, and tWo cams assnoiatted 
with'the alarm system are also driven through suitable reduction gearing, 

Metering .^—Provision iswnade for the Automatic metering of caUs, ellcept in the case 
of '^unction calls, when a ticket is made out against the calling subscriber by the Tnamml 
operators. ^ ‘ • 

The meters themselves are mounted on a separate rack whidh can be placed in any paft 
of the exchange building. * • * 

Testing .—A voltmeter test-set fan be supplied with the equipWnt, Ijy means ofnvhich 
tests on a line can be made with the exchange apparatus cut out of circuit, br calls passed 
from the test telephone through the automtftic equipment with the outside line cut otrt of 
circuit. • . ■ * • * ’ “ 


• Further, a routine test box can be supplied, by means of which the autematic equipmeqf<' 
can be pewodically tested, in order that eunditioiui whicK would eventually cause faults may 
be located before any trouble results on the equipment. * ^ 

• The testing is effected by means of a jack associated with eaoh.selectoiy a^d the con¬ 
ditions reproduced in the routine tester are mor^^vere tha^ would exist in normal worldng, • 
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ind, therefore, if the'sifcuitB^’aBs^theBe teBts, the ordinary woAdng variationB shoulu ubyc 
10 eflFerffc on the reliabilijty of the Bervice. ( i 

NiAtdkr Unobtainable Tones—^Faulty jines are plugged to the number unobtainjible 
ene-circuit on the main distributing frani'}, and dead numbefB are lierma^ntly connected 
■o the tone) so that 'a subscrUjer^calling either' a faulty line *r a dead' number inAnediately- 
■eceives the N.U. tone. 

Junction Working .—On an equiprjent giving junction facilities aU^suhscribers are 
lonnected to contacts in the first niJie levels of the seUctar b^nks, while only junction lines 
ire connected to tiie tenth level. < 

The incoming end of each junction is ^ terminated on* a preselector in the automatic 
exchange in the same way as a subscriber's line. 

The outgoing ends of the junctibrts at the automatic exchauKC are oonnected t« contacts 
»n tlje tenthJevel of the selector Ulanks. * 

Where onjy'one group of junctions to the same exchijnge is equipped, these will be called 
)y tlialling “ 01^” thus^wising the selector wipers to the tenth level and rotating them to the 
jontact of the first junctiop in the group. 

If the ^rst junction is engaged, the wipers will then be rotated automatically over the 
'ematning junations until a free one is found. If all the junctions are engaged the wipers 
vill continue to rotate unISl the elaventli contact of the level is reached, when the selector 
iviB stoj) and give th^ busy tope'as usual. 

When two or more junction groups are'^required a contact^at the end of each group is 
jonnected to the busy signal and the selector is thus stopped, after havif!^searched the • 
particular group, and bu#y signal is applied. J,n this case, the various groups are called 
by rotating tlie selector by means of the dial to the contact in the tenth level corresponding 
to the first junctioq *n the group required. 

Thus the first group would called by dialling “ 01.” the second by dialling, say„ “ 05,” 
and the ^ird bysiialling, say, “ 00.” 

*The general circuit arrangements for junction working are in conformity with the 
standard practice of the British Pos^ OfiSce. No special apparatus is required at the 
automatic end of the junction other thhn the normal preselector eiyiipment. 

The calling signal is operated by current ever the B wire from the calling end, and the 
supervisory sig]?al is controlled by current over the B wire /roip the called end, a cross Seing 
inserted in the juhetion to"^ allow these signals to "be received on "the A wire at |he called and 
calling ends respectively; the feeding circuit of the selectors is arranged on standard cord- 
circuit methods. _ ^ c 

‘ By using the abpve prificiples, it is possible to give full supervisory facilities on junctions 
to C.B.'S. and magneto exchanges, by inserting in the junction at the manual exchange the 
usual apparatus fqj converting these to C.B. conditions. Jn the case of junctions to a magneto 
exchange, it is‘ not absolutely necessary to provide the calling operator with a clearing signal 
actflated by the called automatic^stibscriber, since the autom&tic equmment being jJtovided 
with “"double release,” tlje cidled line is automatically bleared when tne receiver is replaced, 
and the called subscriber cannot be held up due to failure of the manual operator in clearing. i 
A simplified junction circuit for magneto- working can therefore b§ used temporarily for 
subscribers’ lines J>y disconnect!^ them from the tenth level contacts and strapping them 
to contactainlianother levd which is not equipped^ with preselectors. '* 

To provide the supervisoryc signal re(](ii.ired for junction wording, a special B wire is 



l|it7 

taken Irom seiectors, arid is subgtibuted'for the ordiriaryp wirfi an the multii^ of the 
preselectors jn the junction panel. iThis B wire passes tlirough a contact of the rety oon- 
troUed by the called line, so th^t a supervisory erfgnal is passed back vte» this reft,y*contact 
to the calling e^changts, L . • * ^ 

The^preselectoss used for junctions with* supervisor^', fac^ities alsd'require their circuit 
slightly modified, so that they call with battery instead gf'with a loop. This involves only 
a very slight modification of the wiring, and can bs done on individual preselectors as 
required. • , ' 

A junction-faulty key is provided in the mnltiple wire of each* junction preselector, 
which, when thrown, prevehts a junctioh which, is out of order from beihg picked up by a 
•Selector. ^ 

An auxiliary eq’iipment is provided at the automatic exchange ftr each junction, the 
ftlnction of which is to e^ure that the junction is inarketi engaged on the selestor multiple 
as long as a plug is inserted in the ^ack at the manual exchange. The auxiliary equipment 
is so arranged that a calling subscriber at the automatic exchange ifceives a ringing si^l 
as soon as he makes connection to a free exchange line ; this continues until the manual 
operator answers. • 
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Section 52 ’ 

( 

SIEMENS VILLAGE EXCHANGE 

■ f ?! ^ r * ( 

The Connecter (Final.Selector).-^Th 6 preselector and the final selector generally 
operate in a manner similar to th'alj. described for Fig. 85, P.A.X.' , , '■ 

The preselector and meter are npt shoVn in the present circuit, but is ^o be under¬ 
stood that they are similar to Fig. 7£, Voi. I. The contjmjatibn to the final'selector is shoy(p 
in Fig. 108, and tjie circuits are numbered in the order of operation. 

3 . When a selector is takeil into use relay T'(Fig. 85) of‘the searching preselector is 
operated,'also K3(AA). The A and B wires are extended tD the selector. 

4. Holding circifit of R3. ^ t. l 

. 5 . R6(4) and R 6 '(A') energise over the loop. 

(5. R6(V1|„energises. ^ 

• 7 . The circuit of\be preselector testing relay is independent of circuit 3, contacts E3 
and K3. * ^ . 

8 . Relay R 8 (E) energises. 

•Oi- Short-sircuit on R13 and R13'. 

10. Permanent loop relay RlQ?energises. If this circuit is maintained for a predeter¬ 
mined 4ime, an audible alaAi^sifenal is given. 

11 . A further sl'iort-circuit on R13' to prevent it operating during the first series of 

impulses. (Circuit 3 is opened and R3 is held over circuit 4, and is thus dspendent on R5 
and R5 .4 . 

J2. Dialing signal or tone given to caller. 

FirH digit im^lsen sent in. R5 and R5' resiwnd to the number of impulses in the 
digit. R3 also responds over ciicuit 4. R 6 is slow to release and does not respond.^ 

13. /Jn the 4ir8t de-energisation of R3(AA) the short-circuit 0 is opened and Rl3(r) 

energises. Short-circuit 9 is opened at F' an& prevents the subsequent closure of AA3 
from again short-circuiting F300. ‘ 

14. AA 3 short-circuits R 8 (E) intermittently, but it does not release during the train of 

impulses. ‘ » 

15. Each <is!.sure of AA3 by R3 now raises the shaft one step. 

16. AAl completes the circuit of R16(YY),‘which energises. 

17. Holding circuit of R16. Circuit 12 is opened and cuts the dial tone from*lhe 

line. • c * 

* 18. Holding circuit fof R 6 (V) when.oontact K' opens. 

Tlfe K contacts are opened at the first vertical step. K2 prepares the rotary magnet 

< ■*^C y 

oircuit. ^ . 

19. K7 hblds the connection independently of contact ZB. 

' s4t the termi^tion of the teifs‘im;^ulses R3 remains ener^sed over circuit 4. 

R 8 (fi) is ROW released, due to being permanently sSiort-circuited b^ F' and AA3 over 14. 

Contact E2 apens the vertical magnet circuit 16. 

hfopens tfie short-circuit 11 ind shqrt-circuits contact A A3, to prevent tha> operation 
of relay E during^he units traiijof impulses. 

20. Sljpr^-circuit about relay R13'(G). ^ 

^the units impulses are now galled. 'At the first impulse of R?(AA) the short-circuit 20 
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• is opened, and Rl,3' operatedtin circu^' J 3. ■ Contact G' opens short-otrqpit 20, thus preventing 
AA4 from a^ain short-circuiting QSfiO. * *• 



• At th^ termination of»the impulses, R3 is held ene^Sed over 4. The short-circuit 21 
is maintained q<cro88 ill3, which releases. y,, 

23. R23 energises over the C,wire to the presefecixn of the called line. 

Short-circuit 14 is opened, and R8(E) again ^ergises. * ^ 

R13'(G) is short-circuited over E', Circuit H. Relay G is slow to release and, between 
Ithe closing of F3 and openirg of G3 (circuit 23)' R23(P) tests the oall^ line. If the called', 
line is idlp, R23 energises over the C wire to th3 called preselector Tvelay and earth. The 
T relay energises and disconnects the selector R relay from the line. 

24. R23(P) holding circuit, which also makes the called line t^t buK,’f 

26. Ringing circuit to caUed -party. , , 

Circuit 22 is opened to prevent the wipers being rotated .when^13'(G) releases. 

26. Ringing tone t« caller. * 

When the call is answered the increased current energises R25(TR). ' 

27. R25(TH) holding circuit (TR' operates in advice of the other contacts, jjud opens 

the short-circuit across TR400). *• • ■ 

. Earth is disconnected from the A wire (circuits 12, 25, 26 opened). * 

28. TR^j^jns the B wire through to the caller. R28(Y) energises. 

C'ircuit 17 is opened and Rl6(YY) de-energises. ^ 

29. Holding circuit for R6(V), preparatory to release of YY. 

Metefi-ng. • 

30. R16(YY) is slow to release and metering current is momentarily applied {o the 

called meter—^the current in the C wire being momentarily increased. TJie relea|e of R10 
opens the circuit to the C wire, but the met%r remains energised by the ttormal current? If 
the called line is busy, its C wire bank is either disdbnnected when engaged on an outgoing 
call, or is at a potential only very slightly below that of the battery—when engaged on an 
incoming call. There will be, therefore, at jpost only a very small current through R23(P) 
wRidh will not operate. • ^ 

31. When Rl3'(G) releases, interrupter current is connected to the rotary magnet* 

RM22, and tfie wipers are stepped round to the eleventh contact of the level, to operate the 
VW contacts. • * ^ * 

32. R23(P) and R16(YY) energise, over *thp C wiper artn. R16(Yy) is now held 

energised by its 400-ohm coil and independent of circuit 17. ‘ ' 

33. R25(TR) energises over the B wiper. 

34. Busy tone to caller, over the A and B wires. 

34*. While busy tone is Being transmiMed, R28 is iatermittently operated by ciuwent 
through the tone transformer and AVire, to provide a lamp-flash signal shAuld tife call be a* 
, junction call originated by a manual operator. , * ^ * 

The yieter circuit 30 is open at VWi. The connection is held over cirAiit 32. 

Release. • ^ 

When either the bailer or called party replaces the receiver, the selector i^r^eased. 

When the caller acfb first, R5(A) ana R6'(A*) de-energise. • 
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Circuit 4 is openud {ind R3(AA) de-eriergises. 

Circuit 29 is opened and il6(V) de-energises. 

Circuit 19 is opened and rel^tases the (wiling preselector. 

^cuit 32 is opened and releases the dJled preselector an/ R23(Pl de-eperKiset. 

36. Release magnet M36 energisei^to return the switch to normal!' 

When the called party clears finjt'RiJ8(Y) releases. ' ' 

Circuit 29 is cipened and R6(V) de-ejcergises. 

The selector is released as brfore described. '■ 

being released! drives on and^engages the next idle selector' 
(connector) until the'caller clears. ' 
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VILtAiCE EXCHANGE—JUNCTION WORDING (’sfEMENS) 

Opfiratiotiksf Sfelector-\Dircuit.when usjH to Call a function .—When a o&U Is 
to a distant Sxchauge, t^ie number diallea will b® ^Im number>?bf the first junction 
in the grpitp ^ the rejjuiild exchange. Aa alj junCtioas are connected to the tenth level 
of the selectsr Dfyiks, this will gaise the wipers to tbfc t*nth level, and at the first rotary step 
ihade the contacts VWl and VW9 are operated. * * 

Contact VWl (circuit ^,^Fig. 108) cjpens, and^hus prtjvents the meting impulse from 
pontacts Y1 and YYl from reaching the caller’s preselector circuit. * , • . * 

If the first junction in the g{()up is idle, the selector will test and make connection with it 
in exactly the Bame*Vnanner as with a subscrib^’s li3e. If, however* the first junction is 
engaged, then R23(P) wall fail to operate between the release of F3(R13J arid G3tRl3.'), 
and the selector will then be autoi]|atioally rotated exactly as in the cgge of calling a busy 
subscriber’s line. •*’’’■ ■> • 

In this case, however, contact YW2 is closed, and a testihg (;ircuit is thus provided for 
relay R23(P) over circuit 32 to the C wiper of the selector, then over the junction-faulty key« 
Gl, N600 to earth. » * "' 

When an idle contact is reached, the selector will Ub stpppjd by the operation of rel^ay 
R23(P), and will thus cohnect the calling line to the junction selected. ^ ^ ’ 

•At the ^jjd of each group of junctions, a busy contact, which is connected in multiple 
with the eloventiff contact, is provided. If, therefore, all the junctions in a group are engaged, 
the selector will always stop on the bu^ centact following the graup, and jvilJ, connect the 
busy signaj to the calling line. • > 

When the selector has stopped on the busy-signal contact, the A wire, in addition to 
btfing connected to aniinterrupted busy tone, is also coimSctcd to an interrupted battery, 
which serves to operate relay R28(Y) intcruiittently, and thus to transmit a lam^flaslyng 
signal to the calling operator. 

Operation of Bothway Junction to G.B. Exchange (Fig. 109). 

Operation of Outgoing Call to C.B. Exchange. 

, 40- Whensthis junction is picked up, tHb selector tests in by battery over the C wire 
through relay R23(P), relay R4(]i((N) is thus operated*over c'ont^ct Gl atfli«at contact Nl 
clo^ a locking circuit for ^40. , * 

41. Contact N4 closes and operates the R41(T) relay in the preselector circuit, thus 
taking the R relay off the hue. Relay R41'(G) ibalso operated in series with relay'R41(T)., 

42. Contact N3 closes, and, G2 being closed,* relay R42(i) at the magual eryshange 
energises. 

43. Contact Llscperates and glews the calling lamp L43. 

• 44.^ When relay F(R23, circuit 40) operand, ring^pg current was applied to the A and B 
wires and ringing tone transmitted ^to the caller. The ringing current, Jkowevgr, i(^ ftot 
employed to dMl the desired station, and is prevented from doin^so l>>y contacts TS2 and TS3.* 
Ringing tone is transmitted to the caller from the selector. * ‘ ^ ^ 

46. Wien the manual operator answers, batflbry from |ihe cord-circuit W connected to 
the A wire by a cross-pver, and relay R46(TS) is operated. • Contact TSl changes over and 
reify TS is held operated pia contact N61» battery, * • - 

46. Contacts TS2 and TS3 close and put the connectioif through. 
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AUTQJIATIC TELEPHONE SYSTEMS fli8 

477’Earth oiijf^<h6 B wi|e operatei the trippiig retaji R44(TB) ui tpe sejieotor circuit. 
Bingmg andiriiigiiig tone are diacohi^ted and the circuit is in condition for conversaition. 

The answering, supervispfj’ relay in the mai|ial operator’s cord-circuit is energised by 
the%urrent fnjm the’jkC. coil|p*the selector-circi’it. 

RdSase of f^on^ettion. —i^en the autoiflatii subscr^er Mearsf; batterj’ is disconnected 
‘from the wir5 and rflaj% R40(N) is released over.tht^tf wre. ’ The removal of battery 
from the ® yhip de-eneigises the supervisory relty ^n ,Jhe cord-circuit and gives the clearing 
s^^al to the opeft’ator. • 

The release of R40(N) causes relay R4‘5(TS) tcabe held, through tlfe back contact of N2, 
dependent on the operator.* 

• Contact N3 (circuit 42)«p^8, to prevent battery being again connected to tte B wire, 
when TS^ falls back^ Tlie pretlfelector T(R41) relay arid relay G(R4P' circuit 41) are now 
held dependent only on relay TS. ‘ . . 

Contacts Nl and G1 both being open, the junction cannot be picked again by ahy 
other selector until the operator withdraws the plug. , ■*** • • 

When the operator withdraws the plug, relay R45(TiS) is rele’ased and releases relays 
R41(T) and R4r(G)! ffhe preselector circuit w thus restored fo normal and^contact 
couples up relay R40(N) to the C wire ready for further use. 

Setting up the Connection of an Incoming Call ’ from a Mamial C.B. 
Exchange (Fig. 100). 

^40. Coil R46 energises. 

47. WhSti ^ coll is made from the manual C.B. exchange, R47(R) of the junction 
preselector is operated by battery from the B side of the calling cord-circuit. 

48. The preselector switch then sea Ashes for a free line and, when this is fciiind, the seipotor 

is held by^ts R48(A) relay being operated by the current over the B Wre of the junction, 
and its R49A' relay operated over the A wire. Meanwhile^ relay R41(TJ at the automatic 
exchange has operated and cut the drive, relay G is operated iri series with relay Ji41'(T), 
and at contact G1 opens the circuit 40 of relay R40(N), so that the junction cannot be picked 
up bj' an outgoing call. * 

The dialling signal is transmitted to the calling operator over the A and B wires. 

The diallinj^key iri*the junction when operated replaces the battery from the cord- 
cirbritt by battery through the dial contacts. The operation of the dial thpn controls the 
sele9tor, connection with the required subscriber is made in tRe U8ual*manner, and the 
rin^ng tone is transmitted to the operator when tne dialling key is returned to normal. 
When the automatic subscriber replies, the operation of R.’)O(Y) operates Y2 jn the B wire 
of the selector, and thus connects battery over tAe,A wire (circuit 49) of the junction to the 
supervisory relay in the calling-cord circuit. 

• Release of conn^ion from automatic subscriber. 

^ Wlien the called subscriber clears, the back release operation of the seltJctor causes it 
to return to normal and release the calling JVinction prewdector. The junction preselector 
then picks up another disengaged srfector, which, since its Y «ilay is uno^arated, will not 
"^connect battery to the junction. The calling supervisory lamp in the operator’s cord-circuit 
will thus glow. 

If a junction in one group is called by a junction in*a(f<)ther group, ttien j;he operation 
of ^2 (circuit 49) will provide for the transmission of a through signal bebwe^ the two 
manual exchanges. Th€ supervisory signal at*tAe outgojpg exchange will cease to g^ow 
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when the di|tant(iexqh4nge answers and (will glow ^Quld the^ distant es^hange clear first. 
This signal cannot be made dependent on the called manual subscriber, sinc^ if this sub¬ 
scriber'flashed his swit'chhookf the back^ release function offthe selector woiild cause the 
c^onnection to be released. <’For this reason the sleeve relay Oi'i the incoming iack is made of 
low resistance instead of the'usu^l high it»sistance, thus allowing the marginal sldbve relay 
in the manual cord-circuit tb o'pe^rate and connect battery to rthe, B wir5 of 1j|ie junction, 
immediately the plug is inserted. ^ ’ r / r ’ 

This facility also enables one jiiaution in a group to bg t^t^ from the''manual exchange 
by calling another jidiction in the same group, aiid thus returning the call to the originating 
exchange. In connection with 'this facility, it is'possible to fetum the call made over a 
particular junction in the group, by dialling the number of f^hencontact on the level to which 
that junction is connected. <■ c . r ' , 

Belease^of connection by manual operator on incoming cM from maniud exchange. 

• When the (5^)erator withdraws the plug, the selector and preselector circuits are released. 
Hence relaysBi4r(G) are released and the^bothway junction circuit is returned 
to normal. ' 

Operation of BothWay Junction to Central Battery Signalling (G.B.S.) Exchange 

(Fig. The operation to a C.B.S. exchange is exactly similar as to a (IB. exchange, as 

far as the automatic exchange is epneerned. The automatic end of the junction is similar 
to',Fig., lV)9. * • ' ' 

The auxiliary apparatus‘for the junction fitted at the manual end is the same as wpuld 
be fitted at a C.B.S. exchange, to allow of working to a manual t.B. exchange. 

The calling indicatog in the C.B.S. exchange is operated by the energising of relay LR 
from „battery o^er the B wire of the junction. When the calling line clears, relay LR is 
released, and contact LRl fulling back connects earth to the tip of the cord-circuit, thus 
operating the clearing indicator, 

Thq transmission of the called exchange supervisory signal back to the automaiic 
exs'nange for re-transmission to the originating‘manual exchange, should the call have been 
originated over a junction in another ^oup, is provided by the conjicction of battery to the 
A wire of the junction through N200, Rl, and the extra springs on the incoming jack. 

Since it is nobpossible to transmit a supervisory signal from tlfe called line back through 
the automatic equipment (see.under C.B. junction), the relay usually connected to the^bbsh 
of the incoming jack musfbe discfmnected so that the bat'tery through N20(f is not removed 
from the A wire by the operation of R*l. ■ ^ 

Operation of Bbthway Junction to Magneto Exchange (without Supervisory 
Signal at Magneto Outgoing).—The,,magueto circuit with supervision is based on the 
same j^rinciplfc as the C.B.S. circuit, the magneto conditions being transformed to C.B, 
conditions by the same auxiliary equipment as used between a magneto and a manual C.B. 
exchange. The cbnneotions at the manual ofBce are shown in Fig. Ill, the automatic 
being exactly as Shown for C.B.fia Fig. 109. * 

^ The bklbng’indicator is energised by the operaticfii of relay LR^y battery over the B 
^fire of the junction. ’ ^ 

"The clear from the calling automatic subscriber is received on the calling indicator by 
the release of LRl. Should thei*operator clear the connection on the dropping of the clearing 
indicator in the cord-cirepit, before the automatic subscriber has cledred, then relay NP. is 
■still field, over contact LRl in t^e operatid position, and the cajliiig indicator does not then 
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i"“°tion)‘it w neoeflsar3«to modify the usual 
appMatus atdJie magneto end by cutting out contact Si, or omitting the 
re% a!t<^ether, and thus mafangthe CQunectiomof battery to the A ^ of tfee ju^tion 
dependent oply qn the insertioi:(;of the plug in the innoming jack. 

The qutsping junction circuit is arranged to transmit the supervisory signal fromAhe 
automatic through to an exchapge whose Wess to the automatic eichange is gained thro^h ‘ 



•w 


the magneto offi(ib. A ooeiaot on celay P-oom^leL the l<»p tlioijil/a rttard^il and 

operates thd supervisory signal at tl\p originating Mohange • * • 

Operation of BothwayVupctlon to Magn&o Exchange (with SupUrvIaarV Signal 

Mapual W^neta" Office'll * 

Supet^Hor^ 

Indicates 

'^22V. T , ^ 

^ _L Teat tsattery 



To Auto. 
Office. 



Calling and 
Clearing Indicf 


22V. 


, ■ Note(l)!- Feraatowtic vtorkmg the cMrathn ofHelau 'S'iai^iot 
remir^i The earth on Si should be elieconnecteal 
and the chgnge-overstrapped to the make. Relau "S’ 
nUty be omitted. ^ ^ » 

Pro. 112—VIM.AGB ExohaSoh; (SraMBus) Bothway JuS^trioN to Maonbto Omep. 

BtJPBaviaoBY «I 0 NA 1 , IN Outgoing Cibouit. *. 

'‘°r'T”“*i“ 

outgoing circui# which is controUediiy relay P. 
n T tte supervisory signal from tltf* automatic exchange. InthiJinsWA,. 

there is no through signalling arranged. 













Operation dt Botfawajr Juncdon to Trun|: Exdiftag^—^Eig. tiafshows coQueotioiiB 
atjthe trunl^ exchange, the automatic being as Fig|. 109. * ' 

Thevoperation pf this as far as calls 4o and frem the automatic e^hange are 

oonSem^, is Mipsanui in prinl:iplo as ^e circuit to the C.B.S, exchanges • 

The P rela^ millet be conAected directly to^e auxiliary ^make spfing on the incoming 
jacS, so that '^attery iselways connected to the|A'^ire af the junction whilst the plug is in 
the jack.'* u ^ ^ / »' , 

• Party-Line^Working (!^g. f 14^.—Syb-stations a party lino are called by means of 

a code system of ringing. • * 


R^iver\ 
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fitter 


26*^ 

<eo- 
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2m/: M! 




X 



f/eceiver 
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-oun^ 


Transm/tter 




Zmf. Be// 




X Subscriber 
tiell earthed, 


Y Subscriber bfH 
earthed and tines 
reversed. 



XSubs. YSubm 
Mutti^e. Mukipte, 
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To^40y. 
Thro /iinger, 


TThese codes consist of a combination of short and long rings. 

Each subscriber on the party lino has a separate number on the’automatic d^uipmenj, 
but there is only one preselector switch required for, each party Bne. 

Whenever a call is made to any one of the subscribers on a par^ line, a long preliminary 
ring is given on each,subscriber’s bel^, and then the code of the subscriber inquired is seht out. 

, The ringing on all the bells ceases immediately the called subscriber pns^(ers. 

Whfen it is required to cSnnect two silbscribers on ‘a party line, the multiple ^rirqs 
corresponding to the numbers of their respective instruments nre ^jtrappgdT together on th? 
germinal block at the side of the rack. The A and B wires in the strap between the multiple* 
wires are crossed. The bells of both insftomentsaon th6 party line are connected ^ evth, 
and the A and B wires on the Y subscriber’s instrument artf reversed as usiug. ^ is necessary 
to increase the tension of^the bias spring each b^ considerably,* to prevent4h^bell pf one 
instrument from operating when dialling is takh^ place at ^he other instrument. 
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Th^ Petrol -Vsiectric System of (Ghar^lngc-^ThiB power plant oonsists of a 
generator, driven by a petrol engine, wit|i automatic controlling instruments %nd appar¬ 
atus, and Ifwo ^0-volt batteries.' ^ ^ „ 

' The exchange is coimecteid to the batteries alternately f>r 24-h(Hir pejieds. As &oh 
battery is discoimect^ from the exchange it is automatically (ifoimected tu the petrol-electrie 
set until it is fully charged. 

The changing pver of the batteHeet^ is done by a motor-driveh switch. This switch, 
in the first place, connects the idle battery to the, exchange apd disconnects the discharged 
battery ; second!^, coimects the discharged battery to the generator of the petrol-electric 
set in its ^starting" condition ; and, thirdly, changes the tsircuit of the petrol-electric set 
to the running andicharging condition. These conditions'ar^ then maintained until the 
battery is fully charged. 'it, 

Tbe starting of the motor switch iS controlled by a time switch, which can be set to 
operate at any tim^of the day. , 

When the Voltage't^f the battery on charge reaches the maximum charge voltage, a 
voltmeter contact again starts the switch n\ptor. The switch now disconnects the battery 
on charge and stops the petrol-electric set. ' 

If it is not desired to start the petrol engine automatically, arrangements can be made 
for^the generatingrset to be'started by hand, either from the battery or by a starting handle. 

' The fet may alsojbe stopped by hand, but as it would not be necessary for an attendant 
to reviain with the set during the charging pferiod, the engine m^y be stopped automatically 
by means of an instrument such as a time switch, voltmeter, or ampere-hom’ meter. 

The Pl^troJ-Electri: Set .—The petrol-electric set, which has an output of approxi¬ 
mately -76 k.w.,'i8 of the type shown in Fig. 119. The engine, which is air-cooled by 
means of a fan incorporated in the flywheel, is fitted with overhead valves. Obil ignition 
is employed. , ^ 

^The generato'r is shunt-wound, but equipped with a special series field which is only in 
circuit when the set is starting up. ^ 

The engine and generator are direct-coupled. 

•The Alarm System. —Alarms ate provided to draw attention to a permanent loop, 
switch magnet und^r permanent current, failure^f ringing, blown fuse, and failure of charging 
set. As these equipments^may be absolutely unattended, it }ias been necessary to decide 
' which faults call fbr early attention and which may be left until't is convenient to attend 
to them. It hasebeen^decided that a permanent loop, apart from the inconvenience to^the 
spbscriber^ dous not require urgent attentioq, but the other faults should be cleared as quickly 
as poss^le. 

The method of distinguishing between an urgent or non-urgent fault is as follows :— 
When ihe alarm bqll rings (this bell may be placed whereyer desired by the ofBcial responsible 
for the exchange),the alarm switch is thrown. If the fault requires urgent attention, fhe 
bpll ^ill c^se touring continuously,'but will ring for a few seconds at Mriods of 2| nSlinutes. 
ft is therefore iihpq^ble fpr ah urgent fault to be forgotten when the altuFm switch is operated. 

I If the faull^ ie npn-urgent, then, when the alarm switch is thrown, the bell will cease < 
to ring entirely. 

I An altematiwe arrangement<cdn be provided for an unattended exchange by which the 
alarm.signal i# given oven a junction to ^ operator in the main qxchange. Ilie operator 
can then dqtermin^e^whether the fault is urgent or non-urgent. 



fvxther, th« operator pan, at »sff time, by|Ci2liiigaa certain*n«mli^, tfst whether, or, 
not the automatic exchange is free from faults. ^ *• < 

A a^tecial feature of thili equipment is the liethod of disconnecting faulty lin^, which 
sei^up the pejrm^nei^ loop a^im condition from the equipment. i * 

When a pi^seleotor engages a selrotor, efthev through the'recciTor uomij mum. ux i>iux>ugu 
the line becoming loqped hy a fault, a time-lag cireuii^Smds into operation. If impulm 
' are sent^within a period of minutes, this cfrci^t ^pes not complete jts operation, but if 
jmpulses are not sent within thisitiipe, as would be th# case when the line is looped through 
a fault, the holding circuit of the preselector isd^roken and the prdbeleotor drives to the 
tenth contact where it is held by another circuit until tile fault is cleared. At this point 
"the alarm bell is rung. • , 

By this means selectors cannot be held engaged, fufd the number ibf available switching 
circuits reduced by faul^ lines. 
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The ooinmon apparacus ana ^arm cirtsuife (Fig. 116) ate oonoeineid. oluetly’Wittt tlie. 
supply and control of the ringing) tone and driving currents requii^d by therautom&tio 
equipment and with the control of t^e ^aiious alarm circuits which come inijp bperation 
when attention is required. 

The ringing chrr^nt, and tone current, is supplied from a small dynamotor which also 
drives cams perfohning various 'functions.^ The <one current Is derived from especially 
wound interpoles mo^mted on the machine (see f'ig. %3a). • ■ 

. The current for driving the prosfel6ctors*and selectors is interrupted by contacts operated 
by cams drivsn directly by the dynamotor shaft. The contacts interrupting the current 
foif the preselector drive are operated by a double-throw cam which gives a speed of about 
36 ihterruptions pe*sedend. The contacts for the selecW drive are operated by a single¬ 
throw cam giving about 17 interruptions per second. 

Each intjcrrupter contact is provided with a relay, which prevents'a switch driving magnet 
bein^ swbjected to continuous current should the interrupter contact become short-circuited. 
This relay will function siniilarly if the interrupter fails to run, or if it stops while a switch 
is being idiiven. ‘ ^ 

A third cam, driven direct from the dynamotor shaft, is used to supply the current lyted 
for dialling and ringing signals. This current is of a comparatively low froquency, and is 
obtained by' the charge aqd discharge of a condepser through two windings which form the 
primary of a treinsformer. This method avoids the possibility of a continuous current 
flowiqg when the iqpchine is stationary. ' 

The ringing, ringing signal) and busy tone interrupters are cam-operated contacts 
which ara driven 'chrough reduction gearing from the dynamotor shaft. 

'*Two cams associated with the alarm system, and a cam used to control the running of 
the machine itself, are also driven through suitable reduction gearing. 

The circuits are so arranged that' the machine is normally at rest, but starts running 
when a call is made. When started, the machine is arranged to ran for % ppriod of abou) 
2^ minutes, af1;pr which, if no«furthef call is made, it automatically stops. This period is 
sufficient for the ihaking and answering of an ordinary call. ^ the end of t^e 2| minutes’ 
period, the ringing current will be cut olf ; but it can, of course, be started again by cleaning 
and calling the requir^ number again. It is-not necessary for the machine to be running 
(during the period of conversation, so thqt the duration of the call is not confined to the 2^ 
minutes’ periocl. Should another call be made while the machine is already running, then 
the control circuitj^will cause the motor generator to run for at least 2^ minutes after the 
second call hah be^n made. „ 

> A Switch is provided by which dhe* control toircuit may bd disconnected and the ifiachine 
ran continuously. „ ' 

Alarms are given for the foliowing conditions of failure :— 

‘ 1. Line faults, such as a loop or a B wire earth, causing a sel^tor to be q)ioked up 
(Permanent ^oop plarm). 

2^ Peonauent current on switch magnets. 

3. FaUure of ringing supply. 



, 4. Fuse blcmb. 

6. Failure of charging set. (Tljjs alarm is associated witfi the pojrer'oirouit.) *• 
T^e^permanenHoop alaAn and the switch magnet alarm are under control of dbe dow* 
actiftg alarm cajj^, aipl only ^me into operation when the fafllt has existed long enough 
to allow^his cam tamake a colnplete revolution.* This i^nece'ssarjrin the case of the perma¬ 
nent loop ^d switch magnet alarms, since the conditioqp which bring these iTit.n operation 
only comititute faults when inordinately prolonged^ * 

In conjunction with the ]pAmiai^nt loop alarm, a cik'ouit arrangement is provided which 
will automatically free a selector which has been pieked up by a faulty fin^. The preselector 
the faulty line, when released*by theVlectpr in such a’case, is caused to rot%te untO it 
reaches the last contact (10),»wh3re it is allowed to test. It is then helc^in this position until 
the fault is cleared.. It will then automatically%etui»i to normal ancfbe ready for further 
use. The tenth bank cqptacts of the preselectors are ncit multiplied, so that*any number 
of preselectors may simultaneouslyJje held in this position. * , 

Faults occurring on an unattended equipment may be divided^*tnto"tw(» classes : those 
requiring early attention and those which may be attended* to as opportunity offers. A 
permanent loop or a B wire earth are regarded as non-urgent faults* aU other faults are urgentt 
When a fault, other than a permanent loop or a B wire earth, occurs on the equ^ment, 
a flashing signal, provided by means of a series of slow acting delays, i^transmkted over 
a certain junction to the manual board at the controlling exch'aqge, Th§ fault is theft sepofted 
by the operator to the maiiitenanoo staff respontible for the automatic exchange. 

The circuit m associated with one junction only, but the circuit arrangements are*such 
that the alarm signal is not given unless tjiat junction is free. If the juimtioff is engaged 
when a fault occurs, the alarm circuit* is prepared and engages the junction immediately 
it beeomes*freo after the ordinary call. * 

Fu^her, if it is desired to test either the automatic exahange for faults, or the junction 
ilarm circuit itself, from the controlling exchange, a call may b*e originated*from the manual 
)oard over another junction to a certain test number on the automatic exchange. A fene 
lignal is then transmitted back to the calling opera^r informing her whether or not there 
ire faults present on the equipment, and consequently whether the junction alarm circuit 
s operating ctyrectly. • • 

Indication is not given when permanent loop or 5 wire earth faults occur, as these do 
lot require urgent attention. A switch, Vhich is normally lef? open, ft provided in the 
Jenflanent loop alarm circuit, and so connected that no indication of permanent loop or. 
3 wire earth faults is normally given. When^the exchange is viated, the.m*intenancfi 
)ffioer win throw this sAvitch and, if any permanent loop or earfti faults»exi8t on the equip- 
nent, the PL alarm lamp will glow. * * 

The test numbpr should be pipferably No. 19. This numbeo- is c^sen as it fWU be 
h^last number on the equipment to be allotted to ^ subscriber, so thaf* no’change of the 
est nufhber will be necessary ffutil the exchalige reacTiesnfb full capacity, 

Common Circuit Operation flFig. 116 ). 

Driving Circuit.—E&oYi interrupter contact is provided with a DK relay, which prevente* 
he switcla magnets being subjected to a*continu*us current if the interrupter contact'for 
ny reason fails to open or becomes short-circuited. Under iormal operation, A^en a switch i 
1 driving, the DK relay is held operated l>y the ciment through the driving fiia^aet, jvhich 
lasses through its 2600-ohm Avinding when the*intermptefc contact is open. This current 
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is not sufficient te. aSeot the driving maj^net, 'whiohc releases rrhen the (iontaots are open, 
' as if thi) circuit had l)ef)n entirely disoonpeoted. Wh^n the interrupter oontalct is closed, 
the DKiretay is^short-circuited, cbut at the speed the interru^tei coptact operates, ifv'dpes not 
release owing to the eddy ciSrrents produced in the short-cirepited winding, r " 

Should, howevCi', the interrjipter spring l)ecome permanently short-circuited', the DK 
relay will release and, by opening gmtact DKl, will throw the 1000-ohm resistiaioe onTlK 
into circuit with tl),e driving magnet,‘$o limiting the current wlpch Can be dray^n, and thus 
protecting the driving magnet from'undue heating. , < 

Ringing and’^Ringing Interrupter Oircuita. —^The ringing current is obtained from a 
winding op the motor armature and is collepted by means of dip rings. One side of the 
ringing winding is connected to battery. . v 

The ringing current is interrupted by a'cam-operated contact whicb connects the ringing 
win(hpg in series with battery for approJeimately one second in every 3 seconds, thus ringing 
the bell of the called telephone intermittently. Durii^g the period of 2 seconds between 
rings, the contact conriects the exchange ringing lead «direct to the battery, to allow of the 
tripping relays being operated when a call k answered between the ringing periods. 

, Dialling and Ringing Signals. —^The current of these signals is obtained from a transformer 
which has twa primary coils. The current in these coils is produced by the charge and dis¬ 
charge oha condenser. The action b obtained by means of two interrupter spring sets which 
are' oper&ted by a 9am havjng a ratio of break : make=2 : 1. The interrupter springs 
are cf^nnected up to form a change-over cont&ct with the condemyer connected to the common 
spring. 1 

When one sjiring clooes, the condenser is charged through : battery, condenser, inter¬ 
rupter spring, one ;primary coil, to earth. This spring now opens and the other spring 
closes, thus allowing the condenser to discharge through its own local circuit coiriprising the 
condenser, interrupter spring and the other primary coil. The secondary coil is connected 
through nontrollihg contacts to the B wire in the selector circuit, and tone current returns 
to earth over the A wire through contact TR2. The secondary coil is shunted by a lOO-ohm 
spool in order to produce a subdued tone. 

The dialling signal is continuous, but the ringing signal circuit is interrupted by a cam 
and spring set of the same type as used to interrupt the ringing current. ,, 

Busy and Number Vn^tainable J'oTie and Lamp Flashing^Circuits. —^The tone required 
' for the busy and dumber unobtainable signals isSobtained from^a tone coil -^opnd on special 
' interpoles fitted to the motor and ener^sed in series with the field. 

^ The fona is taken through a condenser to the primary of a transformer, which has two 
secondary winffingsc The iSusy tone is t^hen from one of these windings and is interrupted 
by a cam operated spring set. The busy tone is applied to the A wire of the selector and 
retumk to earth o^er the B wire. , 

During the tpne period the A wire is connected to battery through one coil of ,^he 
spoondarj^pf the tone transformer*, while durihg the silent |ieriod it is connected tb earth. 
The Y relay in *th^ selector circuit is thus intermittentfy operated alld gives a lamp-flashing 
j^gaail back to ^he (mrd circuit in the manual exchange, should the call have come over 
junctioii. 

i The nuipberiunobtainable Vme for faulty lines is obtained from the same secondary 
windipg asith^busy tone,, but is not interrupted., The number unobtainable tone for djad 
numbers is^btained from the other secondsfly winding of the transformer. 
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Pnae Alarm, CircaU. —4i^l^tiiig 6i8es|are of tike alarm type, fwbm ^ fuse melts 
relay FP is*energi8ed through battery, alarm bar, 400-ohm spool, ^{*1"6, to earth!* In the* 
ease of <^ve fuses, relay FP Is enei^s^ by interrupted currant, but remains operate during 
the»interruptipiig'<)/ ^he curr^^.' . 

Cofltact ^Pl oloaes and.^ows the*fuse alarm pilot Ivr^ and eAergil^ relay through 
battery, fi^pe alirm lewp, fPl, AB 6-0, to earth: 

Contact ABl closes and brings in the apparatu^of transmitting the ^rm over a junction 
|s already described. 

Permanent Loop Alarn\~Circmt. —This alarnais provided to defeotfccwes of receivers 
being left off the switoh-M^va!^ and of Hne w|fes becoming short-oircuitid or earthed. In 
the case of a permanent‘loop fault, the selector is engaged in the saiqp way as when a call( 
is made, p'hile in tijp case of aV earth fault on*the B trire, relay Al to the selector circuit 
is energised over the B ^re to the earth fault. 

Relay A^ closes its contact A>1, which is connected in paraiilel with confect Al and the 
selector is thereby held engaged, lihe alarm circuit is arranged sd that selectors en^ged 
through such faults are automatically released after a certain>perio^. 

When a selector is*engaged by°a preselector, relay PL, which is common to the raclb 
is energised through battery, PI, V3, 300-ohm (E), PLl-6, to earth. 

Contact PLl closes and prepares the circuit of the slow-oltfnn relay.SB, which is con¬ 
trolled by contacts operated by the slow-alarm cam. 

, Relay SB operates when the cam contacts dose on the high position of the cam. C^tact 
SBl opCratSs an^ closes a holding circuit for relay SB. 

Contact SB2 closes and prepares the pircuit of the other slo#f-alarm relay* ZB i, which 
operates when the cam contacts close* on the low position of the cam. ft'he*operatipn of 
ZBl also 8perates relays ZB2 and ZB3. *, , 

Each selector has a ZB contact associated with it.* When a preselector engages a 
selector, the T relay of the preselector is energised by battery* through thb ZB contact. If 
the selector has been engaged by a subscriber, then immediately the impulses are sent, confhet 
K3 is operated and the preselector T relay is then independent on the ZB contact. If, how¬ 
ever, the selector has been engaged by a fault, no impulses will be received and the pre¬ 
selector T relay remains* dependent upon the ZB contact. When, aftet- one revolution of 
thb Slow-alarm cam, the ZB relays operate, a preselpctor which is dependent upon a ZB 
contact will be released. • • • 

•When refay ZB3 operates, contact ZB‘i^ prepares a testing circuit, fpr the preselector, 
T relay, on the tenth choice cf the preselector bank. • « ^ ^ 

When the preselector is released from the sele^jtor by the ZfB contact opening, it drives 
to the tenth choice. Relay T is then energised through ZB3\ P,1'6, 600-odm (R)*, R3, C 
wiper arm, T10-f-4Q0, Rl, to earth. The preselector cannot test on any^other free Selector 
wljen it is driving to the tenth choice, as the ZB relays remain operated.lonjf enouKh for it 
to reach this confect. 

Relay P operates when the presSlector engages the tenth dioi^. 

Confect Pi operates and completes a holding circuit for relay P and the preselector 
T relay. • • • - - 

When the selector is released, relay Pi is released anck pi consequence^relays SB and ZB, 
refease. 

When the Pi switch, which is normally left on open circuit, is closed, the permuient 



x f u ( V 


J3<A.i;iiAJNGl£ COMMON APPARATUS* CIHCl^TS 


^rpf“nd Pem<^ aUghtHhrough battery, 
PI, PL Tamp, Pi switch,-AB 6-0, to earth., Relay AB cfoerates ™ ^ 

joTictSn.^* apparatus for ,teaWittiDg the alanrf ever a 

oan, W and al^ru^ng operatlbns^are thus delayed untU fhe slpw-actiii alarm 

. cam has made at least one revolutfon.* Dupng this time the whole-sequence is^Xncfent 
behJJ holding relay SB, so thr.t, tihould dialling take place arid relay PL-be-released 

The^ele*, 

ilfa^me< Alarm .Circuit.—This alarm is provided to i^raw attention to a switch mairnet 

hi which® “''y dne-to the failure of a selector to rei, 

S release ,?nafenet would bp held permanently energised, by contact K2 

wS « ^ “ preselector to drive to nomal properly 

wru Its driving magnet being permanently energised. ^ ^ 

, When any switch is brimgh^, iiftc use, its operating current passes through a magnet 

blob controlled by contocto operated by the elow-alarm cam Relay SA opyratee when 
the cam contacts close on the high position of the cam. . 

Contact rSAlrOperatesTand closes a holding circuit for relay SA. 

Contact SAST clofies and prepares the circuit of the other slow-alarm relay ZA which 
operates when the cam contacts close on the low position of the cam. 

Contact ZAl operates and closes a holding circuit for relay ZA. 

rContftet ZA2 closes and completes the circuit of the MA pilot lamp and relay AB through 
batte^,Ap,lotlamp,ZA2.AB6-0,toparth. Relay AB operates. y^i^wirough 

^ntact ABl closes and brings in the apparatus for transmitting the alarm over a junction. 
Ihe operation of the alarm is thufi delayed until the sloW-acting alarm cam has made 
at least one revolution D^ng this time the Vhole sequence is dependent upon relay 

'nan, hf the .fault be cleared and, relay MA be released before the 

cam has made its complete revolution, no alarm will be given. * 

‘ Ringi^ Fai^re ^larn{.~Th\s alarm is provided to draw attention to a faUure of' the 
ringing cuweiit. Itelay RG^ which is connected to the inner ringing interrupter contact is 
permanently oijergiffcd tlmough the ringing winding, RGIOOO, to earth. ’ 

becomes disconnected at any point, relay RG releases and, at 

V + operates, contact ABl closes, and introduces the 

^^AiktuScfor transmitting the over a junction, ^ *■ 

RWit-ef CircuU.—For all piloses, other thin testing, the motor 
normal Position, which means that the motor wUlbe normally c 
stopped, and will commence to ijm directly a call is made. ^ 

operation by the closing of tfee preselector driving 
^ iOOO-ohm (DK),4)K‘2600, or interruS 

spnng (if clpsed), jyjA 1-6 dnving.magnet, Tl, R2, to earth. Relay DA operates ^ 
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Contact DAJ closes and ogerates^rdaydlV through battery DVuDO, DAl^ to earth. 
Contact DVl operates\nd closes the circt|t of relay STS, through battery, 1000 ,» 

DVl,,th earth. 

• Con^ot J)y2 coimects the two l-z amp. motor fuses insparall^ while the motor .is 

starting. ' •* ... . 

• Relay, N& having operated, contact NSl'closei^tha (Jlrctlit of the motor in series with 

NS 6-0.0 „ • * 

, Contact NS8 short-circuits ce||i.y DA, and drivu% cimrent for the preselector is con¬ 
nected to the inteiTupter spring through’contact JJS2. • * • 

While the preselector "is driving, rdlay DS is operate'd. Contact DSl closes a holding 
circuit for NS 1000. ‘ ^ ^ 

Contact NSl ht^ving operated, relay NS i8.held*eAergi8ed in series with the motor by 
its 6-ohm coil. Relay IJJS is therefore not dependont oil contact DSl, and^ill not release 
when the preselector completes its drive and relay DS releases. * , * • 

The motor control cam now operates the motor control spring set*; which, on clbsing 
its first contact, makes the motor circuit independent of NSl ; and on closing its second 
contact, short circuits NS 6-0, allo^^ing relay lls to release unleste still held by relay D S. ^ < 
The control spring set remains in this condition, with both contacts closed, fok about a 
quarter of a minute, the cam then allows the last mada contact, to open, Jjiut keepfi the early 
closing contact closed. ' , * * ■» * 

The motor circuit thep remains completed through the early closing control contact 
and the back ccgitact of NSl, until the control cam reaches its normal position, when the 
early closing contact of the spring set opeps the motor circuit. , * 

Should a further call be made while the motor is running, and bot£ coiflrol contacts 
closed, tHhn the closing of the second driving magnet circuit again pperates relayp DA, 
pV, and NS. as before, to connect battery to the interrupter spring. 

Should a further call be made while the motor is runnlhg, but aft6r the late closing 
contact has opened-, then the closing of the driving magnet circuit, as before, opel-ates 
relays DA, DV, and NS, but, as the late closing colitact is now open, contact NSl having* 
changed over, will hold relay NS operated after relays DV and DS have released, the motor 
pow running jgain in seiles with NS 6-0. When the control qam reaches the normal position, 
and*buth control contacts open, the motor circuit wUl in thlspase still be maintained through 
NS 6-0 and contact NSl: the motor will therefore continue to run and will drive the control* 
carit through another revolution. The control caih then proceeds to eVise both contacts, 
and to release relay NS by short-circuiting its 6-ohm winding, aS befbre descried. 

The motor is now again Under control of tlie parly-closin|f contact*onlj^and when tfie 
cam again roaches normal, the contact opens and the motor is brought to resf. * 

It will be seei^from the above that the motor must run for-at least 2 | minutes, dess the 
quarter-minute period during whi^ both contacts are closed, after the last call has been 
made.* Any demand for drivillg current, as*for inst&nca during the release of a connection, 
or when a preselector is moved from normal by hand, will hring^about the saAe cycle.of 
operations. 

The demand for driving current to drive the. selector round to the' busjr contact will, in 
all ordinary cases, fall within the quarter-minute period, .mid so will not qause the motor tc^ 
nuk'through a seconif revolution of the cpntrol cam. ^ 

In order to ensure tliat the dynamotor shall fun for a gpfluueuii ume w unnf{ m vne siow 




, Transmittiiig the Alarm ^gnal over a Junction (Fig. 116 ) —When a fault «v«An+ 






ABi uoses ana reia^ is oonn^tea urtlte ^-obm a&i\oI tbe T ma^ ol tne 
preselector of tbe particular potion cilcuit whiolMis used tor #ansmittiii^ the ilamf^ignal. 

Belegr JT is of the same^ype asithe testing Velay P in^Ahe sdector circuit, ^n|. if the 
innc^oh i#free it win (gierate intmediately. . ^ » t * 

Should the* joncti^ be en^ged, it^ rehty cigpcuit is eithei*disoqimeq^—^when engaged 
[>n afi. incomingteall from the manual exchange, or is at^^ttecy potential—when engaged 
cn an out^m^ call to the mSmual exchange. Id either case, relay JT will not operate until 
bhe junction Ibecoipes free. • , ^ * 

When, relay JT is energifbd, cuhtact'JTl opefCtt^. Belay 6 then hperate&and the 
junction is made busy by the ope^g of contact 61 to calling selectors. > 

• Contact JT 2 closes and rcJay.JTA i; energi^d over :—^Battery, 400 ohm (JTA)’ JTA400, 

contact JT 2 to earth- * ■ -» ■» ’ * 

When relay JTA*is operated :—Contact JTAl closes end relay JTB is encased. , 
Contact JTBl closes and relay JTC is energised. ^ * . 

Contact JTB2 closes and conn^lg battery through 140 ohms (JT) td’thg B wire'of^he 
junction. Belay LB at the manual Exchange end of the junction is*then energised over :— 
Battery, 140 ohm (JTj, ilTB 2 , B wire, outgoing jack, LB200 to earth. 

Belay LB operates the calling signal. ^ 

When relay JTC operates, contact JTCl closes a sh^rt-circujt across relay JT4i, which 
releases. The three relays JTA, JTB, and JTC are fitted with cupper rieeves and ar^ thele- 
fore slow in releasing. , ’ ’ 

When relay JTA releases, contact JTAl opens, and relay JTB is released after a sjiort 
interval. Contact JTBl opens the circuit of relay JTC, and contao| JTB 2 opens the circuit 
of relay LB. Belay LB releases and the calling signal is restored to normal,’ ’ 

Belay JTC releases and the short-circuit is removed from relay JTA at contact JTOi. 
Belay JTA immediately operates and the above cycle o| operations is repeated. 

* The Circuit remains in operation so long as relay AB is operated, and>an intepaittent 

calling signal is thus given at the controlling exchange. ’ ^ 

Test from Manual Exchange.—When it is dekired to test the automatic equipment 
for urgent faults from the manual exchange, the operator calls the special test number. 

Normally this number will not be used fqr a subscriber’s line until tjpe full capacity of 
tlfe»exchangc i 8 r^ched, and will therefore be connected to Ae number unobtainable tone 
circuit. * •* * ^ * ’ » 

in the ca^ of this particular number, however, •a break contact of r^ay AB, contact 
AB 2 , is placed in series with the C wire to the N.U. tone circuit. The operation ^s in this case 
as follows:— • * * 3 " 

W'hen the equipment is free from urgent faults, relay AB is not operated, hnd on balling 
ip the operator receives the number unobtainable tone signal. . ' • 

When an urgent fault exists oif the equipment, relay AB is operatdfi aq4 the testing 
cirdhit &r relay P in the selectoi*circuit is opened at content AB 2 . ’ , 

In this case, on reaching contact ^9, the testing selector P selay cannot t>pera!tb and t£.» 


selector wipers are automatically stepped on to the last osftitact of th^ j/evelr The bus]^' 
signal is’ tl^n transmitted back to the caUjng operator. , * , * * * 

If the calling operator receives number unobtainable ^ne, the automatic equipment 
is ciga r of urgent faults, but if busy tone is received, it is aTl^dication that a^ lirgpnt^fault 
has occurred on the equipment. This oonstitutas'a test for the presence of urgent faults, 
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and also automdtioi^uy tests % junction aljirm oirpuit, because whefiwer the Operator 
receives busy tonb in makiriS the above itest, the calling indiCator associated with the par- 
ticularVjiyiction used for transpiitting th4 alarm, should be flAshing. , 

Permanent Ifio^ and B-wlre ^arthoFaults.—As permanent Ibop and B^wiSe jeartb 
faults do not require wgonf attention, nq alifm is'given when they, occilr.* Upon viriting 
the exchange the mainbenance ^^cor throws the switch in the PL alanaUmp circuit. H 
the lamp glows, permanent loop or B-wire» earth faults are p/esenV, on the e'quipment. but 
if the lamp does Sbt glow, the equipment is free from sj^ch faults. 
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^VILLAGE EXCri!\,NG'E®R 0 CTINE-TESTER OIRCUIT (Fig. 

Are^vlly and reg«Uariji*roJtine-tested in ordlr 
^fequSehl’ bafore^&ny trouble resulU on 

A test Jbck provided on^a<)h selector for roiltineitest purposes. ^ 

A brjak jack, through wliich the multiple of jitim'ber ninety-mne»(9f)) is wired, is pro- 
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vidod to enabJe tests to be made to this number without disturbing the telephone coimeoted 
to it, should there be one. 

A battery jack is fitted on. the selector raefeby means of which battery and earth can 
be connected to the routine tester. * - - 

, The conditions^ reproduced in the routine tester are more severe than would etcist in 
normal working, and therefore, if tie circuits pass the tests applied, th# ordinary workinc 
vaaiatigns should have no effeefcon the reliability of the seiyipe. * ' 

The dialling circuit used in th# routine tester is similar io that whe!i,tho'«eleotor1s 
^ Gyrated from another exchange. The test is then more sejTere than whe^ diaHing from an 
ordiMry subscriber’s loop, and if the se^petor ouprates^ satisfactorily under the conditions 
of the routine tester, it will operate satisfactorily on a subfecriber’s line with the long line 
* conditions under which the system is dd^gned to operate • ' 

Routine Tester, Circuit Operatioif, and »fethod of carrying out Tests ’(Pig! 117). 
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—Insert bat^ plng^ o! routine^ tester into Jbattery jack on the 8ele<Aor rack. Insert 
tansweririg plug of Routine tesiar into the 99 ” jackf ConneA hand telephone to routine 
tester. | ^ 

, Now inserfthe test^plug of routine.testea into the test jUck of the sfelector to be feabed. 
The selector A relay is opratefl and the circpit brought into usfs as if picked up by aflun^ion 
or a preselector. The selector i^^gaged by the earth put on the a wire through m«ter, 
16-ohm spool, and calling release key. ^ V ' “ 

Listen on the rSfceiver of the hand/telfephone, when dialling tone should,be h^rrf, proving 
that the selector‘transmits dialling to'i\e correctly. This also proves the repeating coif 
transmission circuit. ‘ < f 

By dialling 99 a^call can be set up through the selector pnder test to the answering cord 
of the routine tester.' > r 

Proceed make the test as fdlows :—Throw the dialling key and dial 99. The selector 
should operate,in the ordinary way and extend the call to test number and back to the routine 
tester. Relay on th?. selector will operate througl^ 600-ohm spool, busy calling key to 
earth. 


^ The bell on the routine tester should now ring. 

Rertore the dialling key and listen for ringing signal in the receiver of the hand 
telephone. , . , 

ThrOtV the tripping keyl ^ The selector TR relay should operate and disconnect ringing 
from,the called line. Relay Y on the selector should operate over the loop closed by the trip 
key and cause the meter to operate. The meter contact glows the meter lamp, which, 
glowing steadily, indicates the meter is held oiJerated. This proves tha{ the bell will be 
rung satisfactory over a line having insulation as low as 10,0^0 ohms. It also proves 
metefing and that current is being supplied to the called line. , 


Should the meter lamp, hojvcver, not glow, throw the continuity key, when the con¬ 
tinuity o^ the A 4nd B wires'from the selector would be proved by lamps A and B'glowin^. 

' ‘ Listen on the receiver to prove that the ringing signal has been disconnected. While 
still listening shake the selector cord Wightly to prove that no intermittent disconnection 
exists. 


Momentarily t^row the answering release key. This disconnects the called loop, and by 
de-energising the selector Y relay should release the coimection. Restore all keys'fo 
normal. This pro/es that‘ release is' effected ok lines w^th u^sulation I'esistance down to 
10,000 ohms. ft ' . 


^ Now thrpw the seieetdr throw-out key. This should cause the AA, V, and E relays to 
operate and release in turn' as long as the'key is held operated. This test proves that the 
selector cannof be picked up by any pre^lector if the A or B wire is disconnected. 

Throw the long line and busy calling keys. Now throw dial key and again dial 09,. 
The bell should ndt ring, but the switch should drive oh to the last contact, and the super¬ 
visory lamp should flash. Thia pfoves that the selector wiil operate when connected tO a 
leng line, bhd it will not^enter a line engaged on an outjjbing call, but will drive on to the last 
t^ntact and give .bfasy conditions. 

‘ Restore thd dialling key and listen on the recover of the hand telephone for interrupted 
busy tone. c \ 

Jfdm^tkrily throw the callihg release key. This disconnects the calling loop an^the 
selector should return to nonpaj^ Restoilsiiall keys to normal. 
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Section 56r 

1 ' ' * ' 

VILLAGE EXCHANGE EOWER CIRCUIT WI'ItH HAND STARTING aSto 

AUTOMATIC ^STOPPING 

This power circuit (Fig. 118) is (luitf^d to the requirements or sma|i teieplume equipments 
with petrol-electnc or motor generator cjiar^ng arranged for hand starting arid automatic 



Fig. lig.- VniAOE Automktbb Exchamoe (Siemens). PETabL-KUccnuc Geheeatob. 

< 

Stopping. A ^tro'-electric-generator is shGwn in Fig. 119 and a power board in Fig. 120. 

Two battenes are provided. The exchange is connected to each battery alternately at 
each regular visit of the maintenance officer. To charge the idle battery, the petrol-electric 
set or motor iti^started by hand before the charge switch"' is operated. 

When the charge put into tbetljattery reaches a certain jfredetermined amount, a^jontaot 
rti the'ampere-hour iqgter antroduces a condition which automatiAlly stops the petrol 
engine or mdlor without any alarm being sent out. ^ 

^ Bufing the discharge of a b^te^ the«,mpere-hour meter in its circuit runs in Jhe reverse ^ 
dir^tion, and atca predetermineii point a contact is closed which has the effect of sending an 
alarm, to <tlie distant manual exchange over a disengaged junction line." 

Should the engine or ni 9 tor fail,‘or any‘disconnection fake place in the main 
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charging l^ads after the i^esihaft^^ ha$ been left en 
to the,distant manual ezc|ange and t\fe circuit-breaker 
i t Test^keys are provided t(^ enal^le 
the^ motor-failure a{>parati» to be 
tested when de|ired. * * 

In the* case of' a petrol-electric 
set (Fig** lji9), the operation of the 
tnotor-failure teSt key shojjP-cJlrcvits 
the ignition interrupter contact, stops 
,the petrol engine, and introduces the 
motor-failure condition. * J • 

In the case of«. motor-generator 
set, the no-volt coil o< the motor 
starter is disconnected and the mq^or- 
failure condition established. * 

, Keys are also provided for con¬ 
necting the voltmeter t8 the generator 
or either of the batteries. 

Power Circuit Operation (Fig. 

118). 

Chargijig commenced .-r-lt is as¬ 
sumed battery No. 2 has been con¬ 
nected to the exchange and that 
battery No. 1 is about to be charged. 

The circuit-breaker is closed, the 
fiharging switch being in the off posi¬ 
tion, and the petrol-electric set, or 
motor, started up. When the set is 
running satisfactorily, the charge 
switch is thrown to charge battery 
Nq..l. . . 

Relay DL (pperating tj^iough a 
shunt in th* main charging lead) 
closes contact DLl, which energises 
relay EA through battery, contact 
on circuit-breaker, DLl, EAIOOO, Tl, 
to earth. 

(kmtaot EAd closes, but the q^r- 
ci^t-breaker is not tripped, |^ecause 
DL2 is open. • 

(kmtact EA2 closes a holding 
circuit for relay £A independently 
of DL. • 

Ckmtact EAl clpses and prepares the alarm 
DfiTis open. 

Ckmtact EA4, which is a make-before-break Tsontact, operates, and aSrPL4 ig already up. 


Fio. 120.—PowEH-BoAiy} for Systioi Clock 
Voltmeter Convbol (StBME^jrs). ^i^oMT ascd 

® P.m A t> Vrniiir • * 


circuH, which is net completed* a&« 
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DL is now mr.de d^pelident op its own oontact‘’DL4., Tbe direct remains in thjjs condition 
during charging. , , ' f ^ l 

Chargiifig finished. —When‘the ampere hour meter indicates' that the charge req^uired 
fpr the battery*ha8 bee». odmpleted, a Contact ,AHlF is close^ : thisrCompl^»8 the cutouit 
of r^ay T,'which i^ operated tl^rcrugh battejy, contact on circuit-brfeaker. charge switch, 
AHlF, to earth. 

Contact Tl operates, cusconnecT^ rei^y jha, ana xnps me circmi-oreaKer. , 

Contact T2 operates and prevents an alarm being gveh w,hen I3L3 fahs bad 

When the circuit-breaker is tjirown dut, relays^T and DL are do-energised. 

Contact DL3 falls back, but no alarm ip^iven, becaus6 relay T is sh)w-relca8ing and it^ 
contact T2 does not close until contact EAl is open. ‘ | 

In the case of a petrol-electric charing set, the opening of the circuit-breaker dis¬ 
connects the piirnary winding of tiic ignftion coil, thus causing the set to stop. In the case 
of' a motor-gcnerat(>r charging set, the opening of the cir^it-breaker disconnects the no-volt 
release coil on the motot starter, thus causing the starter to return to normal and stop the 
motor. 

.All cdntpcts except AHlF are now at normal. 

Ojferatioh of Alarm Circuits. 

, Battery Empty Aiam.^Uijder'the assumed conditions, battery No. 2 is discharging 
to the exchange. When the battery has been discharged to a predetermined value, contact 
AH2S closes a circuit from battery, AH2E, discharge switch, A£2, SEIOOO, to c^rth. 

Contact SEI closes and allows relay S,JT to operate when the junctions line is free. 

When £elay /i.IT opfS’ates, contact iSJT2 closes p, lamp-flashing circuit over the B wire 
of the junction td thg LR relay at the distant manual exchange. 

The operator plugs into the incoming jack and operates relay AR through battery, BC, 
incoming jack spjings, A wire of»junction, SJT3, AR500, to earth. . 

^ Contact ARl opens the circuit of relay SJT, which opens the lamp-flashing circuit by 
tFe release of contact SJT2. 

Contact AR2 operates and releases relay SE. Relay AR_ is now held through its own 
contact and AH2E, and prevents a lamp-flashing signal being sent^out again. 

Relay AR is reset by the change-over of tHfe discharge switch. < > , , < 

Charging Failure j4ia»j»».-.-Shouhi the charf^e be interrupted, either,through failure of 
the engine or motor, or a disconnection occurring in any part bf the charging circuit, relay 
DL will be released, '^^his Release may be effected in either of two ways—(o) by the interrup- 
Von of the* cuirent in the main charging lea^, or (6) by a reveraal of current in this lead. 

Siijce DL jn 'iffi operated conditionds dependent on its own contact DL4, it cannot be 
again operated after onc& released until relay EA has released its contact EA4. 

Failure of the^taigine or motor through any cause will, of course, r«®ult in a reversal of 
current in theVnaio charging lead. ^ t 

^ Whe^ relay J3L is de-ener^sSd, contact D1L2 fedls ^)ack, and the tjfp coU of the circuit- 
bteaker is o;^eAted^ from battery or dynamo, trip coil, DL2, EA6, to earth. The circuit- 
tsreaker opens, Ij^ift relay EA is not released, because contact DLl falls back and provides a 
holding circuit for relay EA through*EA3 &nd reset key. ’’ 

‘The motor-failure alarm lafinp lights and the common alarm relay AB is opera^ 
throu^ IJattefy, alarm lamp, DL3, T2, E^L AB5«0, to earth. 

Belay AB coppects a flashing equipment to a junction. 
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T, *. . '^iMUNITY EXCHANGES 

- ™ ‘M Pomt^' for vUlagS. 

. The community eSn^' Ifll9). 

2 'ss b7”X'™: “5* t,ssi 

interference A i,n„i,^ •. a condenser inmeries tn, niiJ the iatter are- 

^^-closing reverse-current circuit-breaker is fitS h f when the pressure reaches 752 vohs 

charging begins. When the motor has beei cut-off wll “™’^t-hreaker closes aad^hl 
es away until a slight reverse current operates the^ ■ * the genetcltor vol^ge 

no common power is available a ga^le^ uS i! f Tf and opehs the cS 

‘‘“Pere-ho^ur meter isTS i; ^ bS 

menthol It runs slbwly 

-fo th. u..e^ ^ 
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the genprator from «ve bat^. .During the ti&ie of charge the 
<ii8chaSe lead lb the power-boarf. .These 

prevent ifiijjae rue of voltage on.the bus-bars, which woiild prematfirely ^top the chargwur. 
There are slgnalS at the attended office indicate when^ fuse ^elts, gr otW fault 

vvvUaB* {■ e • ^ ll 

& one case a group of three such iBstallqrtions are located on a lintf 26A‘nlilee.lenB 

Commumty exc^nges have been 6tt^ iA a store, in a bedroom, a'nd may be p^t in any 
sort 'of building ceptlally located. ^ u,, p., m any 
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COMMltNITY AiJTO*MATIC EXGHANGEST*(A^ T. M. Cp.) 

, Thi Stroweer'(^puimanft^ Automatic !^3fthaiige ^Q.A.X.)‘was design^ to 
pro^de a «em'|pleto S4*ho]i|^-day automatic telephoifC afcrvice*to villages and country sub* 
■voribers at % reasonable cost. Its special features fcre*;^ 

^ 1. No attendant is requijid. . Pne inspector cdn wire for a numberoi C.A.X.’s, malting 

periodic \5sits to each in tim. ^ ^ 

^ 2. The O.A.X. is not dependent on an qp^side source of electric current. « A petrol- 

engine set supplies the necesSai^ powdt for charging batteries, etc., if Itjcal efectric supply is. 
not available. • * * ^ 

3. Party-line service^ as weli as ihdividual-line “service, is provided by ihe t!.A.X.« ‘ Any 
number of subsciibers up to twelve ^nay be put on one pair of wires. ^Automatic code riqgikg 
is employed, so that a calling subscriber has only to dial the number of the {^articular party 

'^esired. • * ^ 

By the use df part^ lines for country subscvribers the cost per telephone for line* con¬ 
struction as well as for central equipment is greatly reduced, and the cost of maintenance is 
correspondingly lessened. ^ ^ 

4. Standard automatic telephones and switching apparatus, as used in large exMianges, 
are employed in the G.-A.Xu, with only such minor modifications as are necessary to Cklapt 
them to the particular requirements of the C.A.X. No new or imtFied mechanics are used. 
The C.A.X. has thoroughly demonstrate its efficiency and reliabibty under actqal working 
conditions, and has given entire satisfaction wherever installed. 

General Description of Systems. 

TheJ[l.A.X. can be applied to four typos of systems :—• 

•Fig. 121 a. The Isolated C.A.X. 

,, 121 b. The Tandem C.A.X. System. 

„ 121 c. The Radial or Satellite_C.A.X. System. 

,, 121 d. The Network C.A^.’^BJrsffeni. 

(a) The I^oktfed O.A*X. ~ . \ 

The isolated exchange js relatively rai^ It no. coni^tions to or from other 
exchanges, and thfcrefore thef service requireili&fa are of a simple nature * 

121 a illustrates a C.A.X. of this ch^cter. * v • 

(b) Tandem C.A.X.’e. . , ^ 

The tandem C.A.X.’s may be connecteAjsy means of only one toLTlfne, as shewn in 
Fig. 121 b. This toll line not only serves for toH,_cohBections between the C.A.X.’s, but also 
serves as a toll line«to distant pointy t.A cJk' -■ ' 

A C.A.X. can be installed in each town with individual and party Kne#’serving town 
subscribers, and rural lines serving the country subscribers.* All calls wiljiin eaqh C.%^.X. 
are made automatically by the calling subscriber. The toll o5ice ean \je lobated wherev^^ 

»it will receive the best attention, either at one of the C.A.if.’s or at the distant end “ M,** 
which maj^be either an automatic or manual centrtA excliangai Services such as information, 
complaint, etc., can bp cared for by the distant toll operator or may be httndled locally by, 
airy Aitable person. . 

Ch.Hb from’ one C.A.X. to another C.A.X. would be haadled by the toll opqfator. The 
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o^ing subsoiiber yot^d dial p, ppedetennined liumbef :* foWinstanoe, “ O'f' anc^ connect td 
the toll ^operator ; she in turn would diaFthe called subscribel and would be in a position 
to supervisB the call and recordrthe proper charges. , 

t , Refetring £o Fie. >216, it is obviftus ti5«t all the C.i^.X.’s iUd^trated, are 'connactor 
12 -d|git) systems, aild that the t 9 l>operatbr must employ a ilslector rfwitch'^to select a par-^ 
ticular C.A.X., and as all C.A.X.’s (re connected by means of ope line,'thislihe<ia tapped on 

to a sel^tor switch at each O.A.X. ' ' ' ' 

• k 



c. Radial System d. Network System. 

® ^ a f jp ^ ^ 

Fio. 121.-JrvPKS OF Community AutomatIc Exchange Sotstbms (A. r-T'. ,M. Co.). 

• • t 


The first level of the selector at C.A.X. No. 1 would bp connected, and aU other levels 
left open. At/?!* .X. No. S the secondalevel would be connected. At No. 3 the third level, 
and so on. • 


Should a C.\X. subscriber in No. 5 desire to call,^a subscriber in No. 2, he would dial 
over th^ loop, %nd>obtain connection with the toll operator. The toll line is at once made busy 
t 9 ail ot^er callp. The toll o^dtator* would &ial back “ simplex ” #ver the toll Me. All 
delector switcBorf, ^cept at No. 6, will step up to the second level (the operator having 
di^ed “ 2 ’'), jVhich is connected to a connector in C.A.X. No. 2. The remaining digito,, 
diidled by the operator operateathe^nndbtor switch which would connect to theocalled line. 

. The handling of traffic is facilitated by having two or more toll lines. One line can be 
restribtetl to ‘ through ’’jservidb and used by tbe«toll operator only, and the other liifes utn 
be used bol^ by..tiie C.A.X. subscribers and the toll operator. 



AuruM^lTIC TELEPHONE SYSTEMS^ 

. <C) ^.A.X.’a. 

-If to another in'the same G.A.X.'are completed automaticaUy 

tn-anotheTr A Y desiring a connection to A statior 

nectiofte K a«d.complete the con- 

SnWh • ® t ‘ subscriber Connections bItween # C.A.X. sub’scriber ancTa manual 
subscnberin M are completed by the operator in the usual manner. * 

Should the central excHbn|e “ M*-’ be automatic, and free servicedie given, any C A X 
8ubBcnbei;can dial any other S.A.X. -subscribcx. as ^et.as any main*exchang; sTbscrtber 
Ihe automatic main-exchange subscfiber can alto dial any (lA.X. subscriber direct .' 

• nn. r J ‘’^•''^ice.between the C.A.X.’s and the main ei»change or betw^n 

ne C.A.X. and another, the cslling subscriber would dial the tpft operator at the main 
•+hp pTv ®nd controls tJie connection. Separate trunks can be run from 

the C.A.X. to tlfb centAl exchange “ M,” so th^t combination toll and free aerv’ice can bt 
given if desired. 

(d) Neiuwk of C.A.X.’s. 

comStionV^ represents a lay-out on the network system of.w’hich tW are manV possible 

differs from the radial system shown in Fig. 12rc in that there are’direct 
tounks from some C.A.X. s to other C.^.Xs’s. Adjacent C.A.X.’sMiaving direct.trunks may 
0 given free service. Calls from a C.A.X. to a ccntral-exchan^ subscriBer may be free or 
charged fop^as desired. This is also true of calls from one C.A.X. (No. ») to another O.A.X 
INo. 7) pot having direct trunks. • 
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C.A.X. dONNECyOh CIRfcUIT—MIXE^ SERVICE \yiTH' AUTOMATIC; CODE 
‘ RINGING (Fig. ^22) 

This connector has many functions which inay be briefly outlined its f6Iltfw»;-r 

1 . Holds the switches nearer the^ calling'line in their operated poMtion. 

' 2. Carries out tW vertical and rhtal/ movements of the 'shaft, under the comroi oi ®iir 
calling device. ' , 

3. Starts a motor when off normal. ^ 

4. Has automatic rotary movement on 9th and 0 levels' 

6 . Cuts off battery feed and condensei's on 0 levfel. 

6 . < Gives‘a bpsy signal on 9th and O levels when sfll outgoing trunks are busy. 

7. Operates minor switches under the control of the, calling device. 

8 . Selects ind rings, the proper code call for party*lines. 

9. Keeps the wipers discbimected during rotation, so as not to interfere with the lines 

Over which they rotate. ‘ , " 

10. '^Tests iihe called line to find if it is busy. This busy test consists of two parts :— 

' {a) A lock to prOvenfj intrusion on a busy line. 

‘ (b) A signal to notify the calling party that the line is busy. 

11. Protects the called line from intrusion. 

12 . Clears the called'line of attachments. 

13. Bipgs the called^party’s bell intermittently. 

14. Gives the calling party an audible signal each time the called party’s bell rings. 

15. Supplies battery current to both parties for conversation. 

16. Opens the ringing circuit as soon as the called party answers. 

17. Reverses battery to the calling party when the call is answered. 

18. Releases itself without interfeipng with other lines. 

19. Releases other switches. 

20. Operates an alarm signal if thcf release circuit remains closed. 

The circuits ofea community exchange coiinector (Fig. 122) are numbered in the or^r 
of operation as follows :— , . 

Galling If^diyidual Lines. 

1. When the^callii^ lipe is extended to this switch R'(A) energises. 

2. Gukrd relay R2(B) energises. 

3. (Earth connected to release circuit, & hold other switches. 

4. Vertical tmpitfaes.*—Each time R' de-energises VM4 energises to step the wipers up, 
’B4(C) energises fry: the dfiration of the impulses. A^j^ M.F. condenser, in series with a 

10-ohm resistapoe* to earth, prevents excessive sparking at the impulse springs of R'. 
.A«,^50-o)iip non-ipductive resisiikiloe, on top of* and in paralfel with tjje winding of I^, a)k> 
hfflps to prevent exr^ssksss sparking at the impulse springs of R'(A). The off-normal springs 
’ olDse on the fersj ^^ertical step. * 

* ^5. £arth on the'lnotor start cirsuit, ^ as to start the ringing and busy machine. Also 
joloses a part of tfati release circuit. . 

6 .* RV(C^Energises. .Operlt circuit to relay 2(R20). Holds jbhe 125-ohm winding <»f 
B9(H) openjduriijg impulsing. 



AtmaiijlTiC StSl^MSIfi 

After ^he lad impulse of tlUs Btiries R4(C) de-energis^. 

T.^^tary magnet RMTjof minoi^switoh L, eaergisea andi'steps the ftiinor* witoh wipers 
on to fhe &8t contact, thi® switching the battery feed from the verti'cal to the rotanTmagnet. 
R8 wd ICM7 ^e-ener^llie. \ 200-ohm non-jjiQuctiwe resistance tpnJlM^ prwrents excessive 

^sparkin^ at theinteo^pter s^ngs of 116 : 

•8 (partly* over* circuit 4). Rotory i»ftpjtfee«,ij-l^'' de-energises for each imifblse, 
^nd the •{O^iy magndt RmS steps the wipers rcfu^il. R4 energises in series with RMS 

the duration ^f the implies. The wipers <a?|fe now on terminali# (jf the called line, 
^e I MrF. condenser at J>l9 prevents excessive* sparking at the impulse springs of A. 
R4 and R6 operate as before (\,escribe4. After the last* impulse R4 arid R6 de-enereise, 
3 the line is free. • • . • “ . * 

9. R^ energises,through its 125-trhm winding, iif sbries with the llri^e cut-off coil at 

the called line switch. , • . • , , 

10. R9 locking circuit, through its 1300-ohm winding. Impulsing^cirpuit opened ^ 

prevent further rotation of the switch. Private bank contact is* earthed to make'tWs 
^umber busy to other calls. Earth on the pfivate wiper also ea’rths the private normal 
to the called line*Bwitch*and operates the line-switch bridge cut-bff relay. , • 

11. Ringing circuit from interrupted generator through 200-ohm windingaof*Rll 

(which does not energise). ■ 

12 (partly over 11). Automatic ring-back signal to callfer. 

The back contact of th« interrupter relay is’connected to earth, and this earth alteqiates 
on the lino with the ringing current. Rll(F) energises when the called receiver is lifted. 
The copper ring and mass over the core gives it a greater rang% of adjustment and also 
reduces the impedance to the ringing current. * * 

13. Rf%(F) holding circuit, through its 1300-ohm winding 

14. ^ 14(E) energises in the subscriber’s loop. , 

15. Battery reversed to the calling line. Meter or eoiA collector can be eperatod. 

May be used for supervision in connection with toll or trunk boards. • • 

16. Talking circuit through two 2MF condensers.* R' feeds talking battery to the caller 

and R14 to the called party. * 

ReZeose.-TiWhen the bailer replaces the receiver, R* and then R2 de-^nergise. Circuit 3 
is opened to release other switches. * 

17. Release magnet Rei**17 energises fo free the switch. 

^8 (partly over 17). Rd. 18 returns the minor switch to normal. 

19. Circuit to the main release magnet, which remains clos^ ilntil the wiper returns 
to normal, to ensure a complete release of the Ininpr switch. •When th..•shaft returns to 
normal, circuit 17 is opened at the off-normal springs. When myior switeS wipers*return 
to normal circuit 19 is opened. • • 

^ A 600-ohm non-inductive resistance, on top of and in parallel with file release magnet 
windinlt, prevents exeessive spafldng^at the off-normdl release springs and thS bottom wippr 
of switch L. A 200-ohm non-inductive winding, on the minor g\Wtch <j!leasei»gn6t* prevents * 
excessive sparking at the main release magnet springs. • * . • ' , , 

Release Signal Relay. —The earth to dthe rel«»se magnet of the minor Witch Is taken 
through a slow-acting ^relay associated with a group of switehes, so that, ia case the reldhse 
cwcuft remains closed, an.alarm will be givgn. This relay is made slow so thatithe total calls* 
fiiay be registered. 
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20. If th^ number galled is bimy, the private bank oontac;t is earthed at^nother midtiplebs' 

B20(Z) tnergiees oier wiper P(-2. r 

21. BSiO locking circuit, f^cuit 9 opened, also circuit 4. 

22. Busy tpne <5n posi^ve line to caller. ‘ ^ 

'Busy tone is tali^'»n trough on^ oPthe„talking condensers,<^so that two c/l* more f'witches 

caUihg busy numbers cannofc.be lo^kecj, up oter the common busy ^ir«. "The bja^y tone is' 
also taken through a condenser comjion to each unit, so thkt, in* case the biwiy should^ 
become earthed, it vill not be but oCse^^^dce in the entire oflBce. R20(Z),i8 locke(i to eartjit' 
at R2(B)( instead of<at the private wiper, so that it wU! not restore, and close the circuit to 
R9, when the called party hangs'up his receiver. ' The caller ca»inot come in ^n the called 
line as R9(H) has not operated. ' ' ■ • ' 

Ninth Level Cfalls.—^The ninth level is used .for grbups of trunks on which it is 
necessary to ring on the trunk selected to operate a ring-down signal. The upper and lower 
b^nk contacts/)f each trunk, except the last one in a group, are strapped together. 

'In calling e trunk In a group on the ninth level the operation of the vertical and rofiary 
movements of the shaft' are as previously described. A pair of springs close as the shaft 
Steps on to the ninth level; and prepare a circuit to R23(J). If the first trunk in the group 
called iabusy, the private bank contact P-2 will be earthed, due to some other switch occupy¬ 
ing a multiple of ijt. Since,the upper and lower banks are strapped together on all but the 
last trunk in the group, botli ,P-1 and P-2 will be earthed. R20 will energise in circuit 20, 
is p^viously described. 

23. R23(J) energises-before R6(G) restores over the rotary interrupter springs. 

24. R25 closes a locking circuit to R6 so tha^ R6 cannot de-energise. 

25 (paftly over 6). Circuit to rotary magnet RM& which steps the wipers to the next bank 
jont^ct. R23 de-gnergiseS and opens the circuit to the rotary magnet. If this trunk is 
ilso in use, earth on P-2 again operates R23, before R6 restores. R23 closes the locking 
jircuit 24 to T6, and rotary magnet, as before. The same cycle of operations will be repeated 
until an idle contact is found, or the last contact of the group is reached. 

If an idle trunk is found, R23(J),‘R20(Z), and R6(G) restore and close circuit 9 to R9. 
R9 energising closes the ringing circuit 11, and the connection is completed and released, 
18 previously desc^bed. ' , ' ^ 

If all the trunks in a group are busy, the wipers rotate to the last contact ih the 

group. The private bank contacts of this trunk are' not .‘ trapped together and only 
P-2 is earthed. iR23 and Rft, restore,csince R-1 is not earthed, but R20 remains opevated 
in circuit'20,, When S16 restores it locks R20 in circuit 21, and busy tone is placed on 
the caller’s line aa before. ‘ ^ * 

Tenth Level. —The tenth level is used for calling trunks that lead to a repeater or 
other bwitch, for which the line circuit must be completed as a clgan metallic circuit 
without attaehmejits. “ 

^ Imcalling this 0 level the luntl} le4 el springs close, ^nd Another set of springs also elosdbn 
tMe Glevhh IlhV verti^l and, rotary movements of the shaft, and the automatic selection 
trunks, ttfkc plade as previofcsly described. 

26.^"When hn idle trunk is^selegted aud R9 egiergises, R26 then energises. 

‘ ^27. R26 loqjdng circuit. , 

28. Wipes* P-2 earthed to. busy the trunk tc^, other calls. Circuit 20 opened and R30 
de-energises. R'and R2* de-eqergise. 



z|&. The tdlijiig circuit is completed wit];kout a.tWhmentB. , 

« ReleacA circuit opened io {hat tlte switch cajmot relws^'when B' And de-«nergise. 
The switch ahead earths l;he release trunk 28 before R2 dengnergii^^, so as to prevent this 
switoA from releasiitg* * 

Belfpse.—^When jhe callv replaces his fecej^er file switchesaalTead release and reiflovb 
veari^li from ^hesreleasp trunk. R26 de-energiees aud^closdS circuit 17 to Ihe release mdj^et 
jBel, 17, wjiich releases*the Avitch, as previously described. . 

^ If all’tllb trui^s in the 0 level are busy, the bi^\hne is placed on ^e calling line in ^he 
usual maijner. « • • * * » * • 

Party-Line Calls.—• When this switch is used to* call .party lines it operates in 
•onjunction with a special rlngjifg machine. • “. » * 

The vertical and rotary movem^snts of tjje shaft are as previously described for 
individual'lines. On party lines neither battery,nor earth is connected to wiper .P-2, 
but the B.C.O. of the party line is connected to P-1, so that neither R9 fior R20 operate 
at this time. • , 

After the last rotary impulse R4(C) de-energises and again operates the rotary magnet 
‘f)f minor switch L ovel qjrcuit 7. The wipers are stepped on to contact 2, which prepares 
circuit to the rotary magnet of minor switch N. * . ’ 

30 (partly over 4). As the next series of impulses,comes in, R' de-energises, and the 
rotary magnet KM30 of the minor switch N operates. 

It will be assumed that the third and fourth digits to be dialled are 3 and 4, ^The 
three impuhes to* the rotaiy magnet of minor switch N step J;he wipers to the third 
contact. * • 

31. A circuit is jirepared to the rottfry magnet of minor switch T, and flie bottom wiper 
of switch switched from direct generator to the occupancy twhe. ’ ^ ’ 

R4 and R6 operate during impulsing and, after the last impulse, R4 de-energises and 
dperates the rotary magnet RM7 of switch L, as previously (iesoribed. Th^ wipers ef switch 
L are stepped to the third contact, which prepares the circuit to the rotary magnet of miner 
switch R. 

32 (partly over 4). The next series of impulses, operates the rotary magnet RM32 of 
switch R and, since the fwurth digit to be dialled is 4, Wie wipers of switch R are stepped to 
thVfenirth barik cflntact. The bottom wiper of switch R is switched from wiper P-2 to P-1. 
R4, R6, and thes yftary magpet BM7 of switch L again operatd!) and sleeps the wipers of 
switch L to the fourth contact, thus preparing the circuit to the rotary magn%t of switch T. 

33 (partly over 9). R9 operates from battery on P-1 and’cloSes the lipe circuit as 
before. 

Leads 6, 4, 3, 2, and 1 are earthed in succession, in the order given, wfth an interval 
between the earthing of any two leads. Lead 7 is earthed every lime either of the*above 
leads is earthed. iTead 6 is earthed fly impulses in groups of five, with aif interval between 
cash intpulse, and a longer interval between each group of five impulses. 

34. The rotary magnet RM34 of switch T is operated when l^ad 3 iij'Qarthrti by tlfc 
ringing machine. 

36. Tie rotary magnet RM34 locks itsylf to le%d 7, so as to ensure its coAplete energisa¬ 
tion (7 being earthed at the same time with the same lengtlj'of impulse tha^ earths leads I, 
2,^, 4 and 6), and stdjps the wipers to the first bank contact. The wipers pr^pare^ (jlrcuif 
tp their rotarysmagnet aifd close the circuit to Rk6(D). 
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36. B36 energises, 

37. aLea(f 6 cotoecteu iiu ;« jcyituii wi ui imjJUiBc ui^ icofU u upoinbOD B23, wUok 

connects dijrect genera^i: to line. < n . 

38 (partly^ovei* 11). ^ijtging. —Bipging> current circuit from direct generator t6 jing 
€ne 'called party’s b^, 'rach time B23‘ en^r/^pses. After the tiKree impulses have operated 
R23'the called bellWs beep mhg three times. Lead 6 is ear^^ during the p^iw! 
between the groups of impulses on lead ^ circuit 37. As befor*.' stated, lead 6 is' earthed 
impulses coming in groups of five, wil^ a^nger pause betweengroups than Jbetw^en impulses,. 

39 (partly over 34). Earth on lead 5 operates the rothry magnet BM34 of minor; switch I'. 

It locks over lead»7, circuit 36, so'as to operate during the entire^earth period, and steps the 
wipers to Ko. 2> bank contact. . t ■ *' 

After the pause'between the impjlsestin groups^ the next series of five impulses comes 
in over lead 6. R36(D) remains hicked^ • 

3*7. R23(,!{^) b^ain responds to the impulses and places lining current on the line 
circilit 38. After the bells have been rung four times Ijedd 1 is earthed. 

40. Rotary magnet'RM34 of switch T energises. 

, 41. Occi^ancy tone ie placed on the line during the silent periods, to signal the othef 

parties rrn the tine that a call is being made, in case any of them should lift the receiver to 


make a call. ^ 

‘ The*wipers of switch T step to bank contact 3. Circuit 36 is opened and R36 de-energises. 
Orckit 37 is opened and R23 de-energises, thus opening the ringing circuit 38, because the 
code ring 34 has been giv^n once. 

39. The next impul^ on lead 6 operates the rotary magnet RM34 of switch T, and steps 
the wipers 40 contact 4. 

'42. R6(G) enerpses.'' ^ 

43 (partly over 7). The release magnet Jiel. 43 of switch T energises, and releases its 
wipers. i R6 is slow and gives time for them to restore completely. ' 


« > 44. The next time lead 3 is earthed, switch T will operate and start the ringing again. 
The same operation will be repeated &nd the code ring 34 connected to the line, until the 


called party answers, or the calling pafty hangs up his receiver. 

If the called party raises his re6eiver before the code call is eumpleted, the switch will 
continue to operate and com^ilete the proper call. After R36 de-energises,' between* cb'de 
calls, the circuit IJ to the'200-ohm winding of Rll is completed through,tiie' called talking 
loop, and Rll*en»rgises. R14 energises and reverses the battery to the caller. The talking 


circuit is vn^lar to that fdr individual lines. 

If the calleu should replace his receiver during the ringing period, R' de-energises, then 
R2. ft2 prepares the release circuit. The switch cannot release, because the release circuit 
is held»open by R36(D).' 

46. Circilit t<f release magnet, through the 300'ohnfre8istance. Rd. 17 does not energise 
in tljis circuit,'> but R4(C) enarpses and keeps earth fronv the release circuit, so ttuit iR2 
^b-energhies. «Tbere wi^l be*a short interval in which H)he release truftk is not earthed, and 
^e switches beypnfl tfiis can restore. 

46.* R4 noV* dei^Bnergises and earths^he rel^se trunk, so as to make this sydteh busy 
while the code is being coi^le^. 

4^ (paitljr over 7). RO loqjcing circuit, to keep the ringing circuit intact until thft co^e 
call is completed. 



^ *»«>•<?» I w«, 

. tta“br”oo^£^*e,?r"H 

Ollfr n. wife de-e>»r«i8M afld pl<^ tfie release 

^^■^,*- 1 . . rejpases as l^as been^alr^y explained, excent tlintt 4 ho 

p, the Code Call. 

raa/o?Z*“,^tchT,lm K28 operates and disconnects, the line 







Section 60 

POWElt^PLANT ANri AUaCOMATlC VOLTAGE REGULATION FOR THE* C.A.X. 

‘ In th<i A. fe. Cop’s (A.,^.M. Co. ) ojmmunify uiyittended ^change^i special attmtiofi has 
been giren to the Automatic, conti-6l of the power plant. The follow!^ descpptitm is take^ 
(by permission) from the A. E.'Co.’s Journal {Automatic %deph(my. May \9&0, H. ‘E 
dapham). ,, 

Cursent is supplied to the autontatic^witches from a'26-celi storage battery. The volta^ 
is kept approximately constant by the use of counter E.M.F. celk, one of which is"connected 
in series with the main battery each time Jibs' voltage,reaeftes tjie predetermined limit during 
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the process of charging. Each counter cell develops an E.M.F. of 2-5 volts in a direction 
opposite to that of the discharge o^ircuit. T.he plates of the cojinter cells consist of anti- 
monious lead and contain na active material, and, therefore, the current passing tferafigh 
these cells has only a skin'effect, and they are thus prevente<i from attasring an appreciable 
capacity. ‘ ^ ‘ ' 

The*vqltage regftlatfhg device is a radial switch having a single heavy copper arm 
mounted on a^^aft. One^nd of the anh^asses over a series of contacts arranged in an arc, 
each contact connecting with a junction between two ^counter cells. The switch arm is 
connected to the negative bus-«bar by the opposite end of the arm, which rubs over a con¬ 
tinuous arc«bap^ contact. Another row of lighted contacts control the circuit to the 
Uutematic charging switch. The switch shaft is rotated by a worm-gear driven by^a seiall 
fries' mbtor. • The m^^or has two opposing field wi^idings, one on^ being energised at a 
'/<ime, so that tha switch may tse rotated in either direction. 

The circuRs, shown in Fi^. 123, are numbered as follows :— 

• 1. A highiresistanoe relay, R'*i8 adjusted to energise whenev* the bus-l^ar pressure 
^ses Jbo Ji2 v«lt8. , • . ' 

2. The low-resistande iieltp' R2 is bridged across the bus-bars ih series with.a resistance r.. 




Fig. >23a.—DYNAH aTOB (A. XT. M*Go.). 

• 

3. If the pressure now drops to 46 volts R2 de-etiergises/and BS'enhrglses.* 

4 (4' :|pcking circuit of R3). Circuit to one ^ding of the switclv^otnr. The motor 
now rotates the switch arm SA counter'-clockwise, so‘as to cut out a counter cell thus 
ii^reaiing the pressure by about 2-5 volts. 

6. Resistance r shunted. The increased pressure causes, R2 to re-enersise. 


Rigidly fixed to the i^r end of tbe*fiwitoh sBaft and rotating fnth it ipa^otSaa, D. o 

6. T> rotates the s^rifigs S are olosdd and R6 enei'gi^ea. 

7. R3^s maintained energised. 

Wheh the switoh lias r^ta^^ to the next (!ounter-oetl terminal the contaots opened. 
RS'de-enefgises before *8/(1 (^ow). The cam fe so designed t^t the»8witoJ)obrush and the 1 
counter-cell contacts arfe correctly Aligned before the motor stops. ' ^ 

When the potential again fallsl* to* 46 vQlts, this action is ^peat^S. 

, One counter c^l is maintained s\^es as a reserve. 

Autpmatic ciargi'ng. —The automatic charging switch consists of a phir of rugged knifS 
blades carried on a rod between-two solenoids. Pne pulls the^ switch open and the othw 
closes it. '' When the switoh is closed an auaihary knife blade on the rod opens the circuit ^f 
the closing solenoid knd prepares t>e<oircmt to the other. 

.8. When the counter-cell swtch has been rotated to the point where there is but one 
counter cell in the main battery circuit, the automatic charging switoh closes the current 
power leads tQ the motor of the charging switoh. When the motor generator starts the 
generator voltage rises until i^ is able to operate a self-closing reverse current circuit breaker, 

,which connects the generator to battery. ''This circi^t breaker is of the ironclad solenoid 
rela^ tjype and has two windings. The series winding is in the negative charging lead, and 
the shupt winding is directly across the generator leads. When the pressure of the generator 
rises toi a point safely above th&t oli the battery, the shunt winding pulls down the plunger, 
agai^t the action of a spring, and closes jthe charging circuit. The current now flowing 
through the series winding assists in holding the plunger down 'firmly. , 

\^en the pressiure across the bus-bars reaches 52 volts, the hieh'resistance relay R' 
energises in.circhit 1 

*9. R9 energises. 

<10. Locking circuit of R9. Circuit 1 opened and R' de-energises. 

11. r Circuit'through armature and the other field winding of the switch motor. The 
^switch arm 8A now rotates in a clockwise direction so as to place one or more cells in the 
battery circuit. At that time circuit f is opened at 9' by cam D opening contacts S as before. 

Each time the voltage reaches 62 the counter switoh is thus operated, to place one or 
more cells in series with the main hptiery. 

12. When all'counter oeUs are switched in, and fully charged, the counter switch •will 
cause the right-ha^d solenbid windii^g of the cha!:ging switoh fo energise,an^-open the circuit 
of the motor thrrging set. When the motor is cut ofi the line the set falls in speed to zero. 
As soon as the generator'falls to a vailue slightly below the battery the current will reverse 
its direction, flowing fron^the battery ip^ the generator. i This causes the series winding 
of the* circuit 'oreaker to oppose the shunt winding, so tihat the plunger is released and the 
chargmg circuit opened,'before the reverse current reaches an unsafe value. 

When QQmnleroial power is not available for the twenty-four hodrs the counter cells 
closg the ohai^i^ switoh wh^n^there are stif][ two or thr^ cells in the battery circuit ^by 
gbrappingjtog^h^r two or more contaots as shown). The power cirsuit is then close'd to the 
generator heforq the battery‘is fully discharged. When all the counter cells are out off 
sn alarm is giwen a|tthe main office. 

* Charging ^Machine.—Afa above stated, the-charging equipment usuall;^ comprises 
i mb^orjgeqq(ator set consisting of a motor arranged for automatic starting direct connected 
bo a generator of sufficient size and of proper desi|pa for use in connection witjh the paftiotliar 
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battery with whi^ It ie associated. When a^ifasoUne eoginf drivin genetatihg' 
aet is uaed, it must be uf^ with a generator that*does not cause iadtaotivB (hsturbuioeB on 
the t^^hpne circuits^ Thore^re, it is not faasible to use ^Sneratidg «ets as ale supfdied 
ior ^faim lighting ’’ outfits, '^s practic^y a& of these sets haye*^hd ignitioif circuit for*th* 
#ngme taken fjom t^e dynamo direct. This •oafises di^thrbances "thA tiannot ^)e rea^lify 
jlUunateQ br smoothed‘but ijy means of impeih^hce (i^hc&e) coifs. 

The ganarator voltage, an<J at the same time th* fi^ent output, is controlled by* means 
<ff a field regulator, which is an adjustable resistan^i connected in the fi^cf-coil circuit of {he 
generator. , , . • ^ ^ * 

• Ringing Machine.—^Th^ ringing appara|U3^ which is mounted on the po\fer board, 
consists of a rotary converter, the motor^circuit of ^hichi^operated froml^e exchange storage 
battery. This converter generates ap alternating current* at about 76 volts,,8aid cunent 
being carried through a pdlr of interrupter contact springs mounted on the machine. These 
springs are periodically closed by a r^tor cam and, when in the closed poSltipn, interrupted 
nnjlhg current is delivered to the connector switches for ringing cm individual Unes or on 
trunk lines to a distant-^ei^hange whiqh require that the signal be “ jnng down.” Imaddition,^ 
the machine is arranged with a distributor which famishes interrupted earth tc^fhe “ joi^^ ” 
service connectors. These interrupted earths cause ce^in relays in the connectqp*to im-. 
pulse, said relays, under control of the distributor, project ringing aurrent of*tli prbper 
ringing code out on the party line. The ringing machine is shown in Fig. 123a. 

The ringing machine is so arranged that it will run only when there is a call in progress. 
During periods when there is no calling, or when the switches are in talking position, this 
machine is idle, but it starts again as soon a'i; another call is originated. .* • 

This machine also furnishes the busy tone, said tone being produced by a commutator 
type high-frequency interrupter. Through two brushes, making contact with this Com¬ 
mutator, is produced the high-frequency tone, and this tbnc is in turn *carried through 
interrupter springs, on the cam wheel end of the machine, which break this tone up into tih^ 
familiar interrupted busy tone. The intensity of the*busy tone is stepped down by means 
of an induction coil motmted on the rear of the power board, and from that point the busy 
tone lead is carried to the gonnectors through a condeAsqr mounted on the line switchboard. 

• The ringing machine is mounted on the power board panel. It is arranged so as to 
be readily removable in case o^ neQ«sity. Jt is recomigended that a spaje ringing machine 
for one or mor€ C.A.X.’s be provided to be used in case of an emergency. • • 

Storage Battery.—The storage battery consist’s, usually, Of 26 regular c^,and 7 
C.E.M.F. cells. The counter colls (sometimes rgferred to as “^counter vedtage cells ” or 
“counter electro-motive force cells ”) consist of grid assemblies only, whioB canno9 store 
up a charge, and consequently have no storage capacity. ^Howevpf, when current is ioroed 
bhrough them they’exert a back procure against the current flow whichtvarips according 
to Ijie Ipad. . . , ‘ s 

These cells are used for the purpSse of keeping the battery .voltage on the si^tchboar^ 
!>elow the maximum permissible limit when the battery is beiag chargld,%iul up;to the time, 
ivhen the charge is completed. The positive side of^he battery is usually, coniseoted tg earthf 
diis being ^one merely as an extra precautaon to guard dgaiiAt damage to the switchboard, 
n case a telephone line should become crossed with some foreign source of^l^h^voltagei^ 
>nli»nt. • * 

The storhige battery is usually mounted on a i;pol^in a rodm separate frdm tha automatic 
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«rwitdil)oard* It in required the room in'which the at<frage battery ifa instt^ed be 
ventilated.^ A lead-lined vent to the outside air is recommended. 

In s(hne cases, when s^a^ does not permit o'theiwise, ilj may'be necessary tq locate the 
btotage bqttery in the *same, room asaihe autbmatic equipm^^nt. Iii case^-of this kifld, a 
funie-type batter^ cabinet is si^ltlied. ' A 4.cad-lined vent should be prigvided ^m 
battery cabinet to the outsiAe air tA pAripit Jthe acid fumes to qgcapeK, * 

. Supervisory ^ignals.—To giye Wompt indication of conations which<iMght resifli 
in inter{ei;enoe to ^he service, or damage to the apparatus, ^here is provided a system el 
alarm signals for the C.AX'. equipment. The control apparatus for these supervisory 
signids is 'mounted on the rear of the powarfboard. If the C.A.X. is left unattended, thege 
signals can be extoKded to the uaarest exchange that is attended, and the C.A.X. can be 
supervised from that point. 
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VARIOIjS SERVICES *ON ^AN \uT 0M4TIC SYSTEIir, As’ !N, A COHSilUNITY 

EXOHANGt, 

™ iii ah iritepestin^ Strowger circuftrilluBtiiitiiiig various services in an autoiftatio 

*a^8tem, .Whilst these are.^lnown combined iif a^^ar^'icular way, they may be applied in 
'lusher ways to meet other requirements. , 4 “. 

■ The arrangements show :— • ^ _ 

Reversal of curreht fop pietering, signalling, and the liSe. 

Working four 8tation9K)n a party linet with harmonic ringing, 
ijjght stations on a party lintf, with hartnonic nnging, and one’and two bell calling 
to reduce number of codes. ' ' , ^ * »■ 

Working local subscriber^ on eight levels on a connector, trunks to other manpf 1 
•• exchanges on the mnlAi level, and trunks to autoigiatic distant exchanges 

^ on the tenth level. , * 

In the lattei' case the local feeding bridges are cut out of dircuit and a /ilean mqtallifl 
circuit connected through at the connector. * 

Repeater working on bothwfty trunks is shown bej%nd the'connectos. 

In party-line working the circuit shows how revertive ofiJls are deidt with. 

In working to manual exchanges discriminating means are shown by which an operator 
knows what*line8 ^ to have free connections and which are to be*registered for charging. 

The circuits are numbered and are as iollows :— • , 

Party-line Working.—When a subscriber lifts the receive;* to .calf, a locking tever 
prevents thtv switohhook from rising beyond an intermediate position, s® that he can tisten 
Jo ascertain if the line is idle. * 

I. Receiver is oonnected to line through a condenser. 

. 2. If line is idle the locking switch is moved by l^nd when the loop circuit is completed 
in the usual way. The line relay energises. 

3. The receiver circuit. . 

4. The line switch dhergises to pull down both Armatures. Line^relay de-energises, 

plunder enters bank contacts. * , 

5. Callingil&ie is extended to impulse ^lay IR of telector ; IR energises. 

«. Guarding or holding relay energises^ • , * 

7. Holding circuit. For lines to be metered this is connected directly to batfory. 

7'. For lines having free service the holdftig pircuit is connected thyiugh tqpe test 
winding TT to battery. 

Subscriber diaia first digit. , 

8. Relay PMR and vertical magnet VM energise to lift wipers to desired level. 

Q.^CSrcuit with non-inductive winding of impedance toll IC in parallql'with circuit 5, 

to reduce impedance and resistance of line circuit. 

, 10. Stepping relay SR energised; shaft having been raised the normal coiftacts SC aiA 

closed. • 

II. Locking circuit of SR. 

M. When impulses pease, PMR de-energises and rotary ma^et circuits is oompleteJ!* 
SR and RM in!terrupt the circuit of each other udtil an idle Jrank is foun(|. 
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13. CircuitW idtecUne. Hwitobing relay ;$wJKr energisM^lK ana u oe-'isnergiw 

14. rHolding cifcuit of Sw^l. SB doer not energise in serieS with SwB. 

16. lx»p 2 and 6 fxftendqd to relay IR and impedance coil lOof connector. 

16. duaT(4ng rllay^G energised. 

17. Holding cirijuit^? and 14^^tehde^ through transformer T to oonnetftor. 
dialling a Local Subscriber ^—^^he talking and test circuits of thd four ^p loveis 

are shown, the test terminals above w^ipE^rs a and b, the line teAninals above wijpe^/ and g.° 
Wiper a is not in tisc for a local call.* T^'e tenth level is for tranks to automatic exchangers 
The ninth levebfor trunks to manual exchanges. 

The other ei^ht levels ai-e for lopal connections! 

Second digit imfi^es, 

18. Impulse circuit to energise Veftical magnet VM. Relay PMR e^nergised for duration 

of impulses. <■ ' ■ 

19. PMR flo'ijnects low winding of IC in parallel with high (as circuit 9). 

20. Private magnet PM energises. When it de-energises after impulses, the (8»de 
switches are moved to the second position, 

' Third digit impulws. ' 

21r' Rotary magnet RM steps wipers round to line called. PMR and PM energised. 
Dn fk-eneryising the side switches ace moved to the third position. 

If the line called fests hust^-^say, with test terminal c earthed and side switches in second 
positron. 

22. Test circuit in which teat relay TR and PM energise and the lattfer prevents the aide 
switches moving to the third position. 

23. Holding'cir 9 uit of TR. 

24. Busy tone signal fo calling line. 

25. Receiver replaced, ip and G de-energised. Release magnet Rel. energised^ 
Shaft falls and breaks normal contacts. 

Selective Ringing on a Four-Party Line. —^If the line is idle, the side switches are 
in the third position. 

Fourth digit impulses. 

26. Relay IR de-energises intermittently. PMR energises in series with stepg^g 
magnet SM of ringing switch RgS, the arm e of which selects one of four ringing generators. 

27. The interrupter inf intermittently completes oirduit by energising fejay R27. 

28. RLngiri^ circuit over called line by wipers / and g. Relay RCO energises to cut off 
ringing when called sdbscriber answers. 

29. Lockipig circuit of'RCO. 

30. Circuit to wiper <i complete through R30, but no circuit beyond wiper, R30 therefore 
"’"es riot energise. 

31. Loop 2, t', 16 extended.to connector wipers/and g and called line. 


t32. Batteiy-feediiig circuit to cahed line.' t ' ^ 

^2'. 'Shorh-^cuitp^ linb to transformer T, which has no function in a local call. 

33. Babk-bridge relay BRR energising reverses current to calling line. May be used for, 
meterii^ or signalling. The bno between the two stations is divided by the oondensers. 
The^lease of tke circuit is brovght about in the usual way when the receiver is replaced. 

RinglDga Station on an£ight-Party Ling.—^The stations are ^vided into twogroups 
of four, each having four frequencies. The groups are selected by code rinjring. one groop 



*j^*.*'l , ^ ' * •' 

^visg Bi^le Btlokes and the doubly strokes oo the bells, li^one cafe, the iate(ru|i4^ ' 

^as t\^o oonduotiug segmeifts to pass^two short ri%gs, thec.£ Ifjhger silenob for each r^volutida i* 
,xn the other, there is only one segment g>as8ing ringing oujient ptf revolutioq. *The eight ' 
stations toay^be numbered—k841, 2, 3, 4;'^841, 2,3, 4, the las^ dint dfeaqhnudber in each, 
case oirerating the Hnging ssritoh RgS .tosebot the*1»qny»d ireque^icy, wl^t the firsf di^it 
^jeterm^^ tLd group^pf connectors to be usetj, an(|, t^refore; whether 8ne or two seginentst 
,shall b^asBociated with th^selected generatordoFcode ringing. 

^ Revetting Xlalls, to stations on same party*fina 

The caller dials the wangled number, and a patticu'lar digit extendetke line to* reverting 
switch. The following dig^t impulses Arise the wiper ^o \he’ ring-back Ic^el, and the wipers 
'are rotated to the requiredcoatacts by the £841 digit. The caller then replaces \ihe receiver, 
and the correct ringing currertt is sent to the called ^atty. The calleris bell is also rung, so. 
that when it ceases he, may know* that the oonuectio/i is through and again remove his 
receiver. * . 


0 m 

mm The wipers h and j engage with«the fixed terminals shown abovb the wipers. 

Common to all the ring-back switches is a^rotary ringing«witcfi KRK. 8M is its stepping 
magnet, int intemiptes relay, k, m, o wipers, and 25 sets of fixed terminals^ The numbers* 
allocated to party-line subscribers determine* the connections between terminti^ in the- 
switch banks and the top terminals of switch RRS. • « , , • * 

34. When the loop 2, .'5, 15 is extended to the ring-back switch. RB8 and IR elhsrttise. 


35. Guarding relay G, energises. * 

TAjVd* digit ^pvldea. 

36. Impulses cause IR to de-energit^. PMR and VM energise. The sUkft is lifted to 

the corresponding level. PMR de-energises after impulses and moves rfic side switches to 
the seconi! position. * * 


Fmirth digit impulses. 

37. PMR and rotary magnet RM energise to step wipers round ; t’MR de»energiaing 
njpves side switches to third position. 

Suppose wipers on terminals p, q. 

The caller replaces the receiver and IR de-energises. 

38. Rel^iy R38 endfgises, also PMR. ■*» 

• 39. Startmg circuit' for rotary switch RRS. 

40. CirquftiSr interrujiter r41ay. After the firat*8tep \^iper m is eaythed by all the lower 

tenninals and the switch RRS makes a complete rtsvolution, and oontini<bB*to rotate so long 
as R38 is energised. * • , • 

41. When the wipers k, m, o reach terminals r, s, t, ringin^relay Rg itfenergised. 

42. Generator AC2 is connected to called-party station. Rf!0 does not energise; 

When the wipers k, m, o reach terminals «, v, w, ringing if# re-applied : two short rings 

thus being sent from AC2 generator. 

• 'This code ring is repeated*for givery rotetion of "the switch RRS. 

When the called party answers, RCO energises in circqilf 42. r , 

43. Holding circuit of relay RCO. * 

46.,Relay RCO opens holding circigt 17, sa that IR,aud C de^erglse to release this 
switch. The group selector and line switch also de-energise. As the loop is compleAd on 
*theqparty line, the line switch re-energisqs and extends the line again to a seWotor^rom which 
microphone battery is supplied. 



VARIOPS ^ERVICliS M AN AUTOMAWC"^S3^M 

Connecn^ns'TO uwtant Automatic Exctianfie.— DiaUlmr as beforeififta th« win«» 
6o the teoth level. 

As iriHioated by ri^, rz, r^taere are three groups* of trunks* to different exchanges. 
.Wiper a makes (jontaSt vfith, these upper ,te8t tfeipninals. To call a line iA the rS gtoup* the 
wipers are rotated to Jhe seventh termiifal. . . 

K the called line is engaged— ^ ^ 

47. Xhe side switches are locked in the second position by PM. l^st relay TlUsjiiergises. 

over.wiper 6. ’ " 

48. The rotary magnet energi8es‘oveft wiper a. RM moves wipers round to next line 
and at the eud of the stroke-*- 

49. Earths PM aijd opens circuit 47, so'tf.at TR de-energists. TR opens circuit 48 to' 
de-energise RM. Sidfe switches mov^ tfi third positiom ' 

If»qill the trunks of a group are'busy, RM cannot energise in seijes with resistance r3. 
r B'SU energises over wiper « and shaft contact Rd, the latter is only closed 

when file tenth level is ul^ed. Relay BBR de-energises.c * 

61. Relay RCO energises. • 

62. A 61eap metallic circuit is extended by wipers/and g to IR of repeating circuit. 

This frunk it arranged for bothway working, the lines aa connecting with line switches 

fdr incomingfCaUs. ^ 

63. Gharding relaV'U energises. 

M- Second slow release relay R64 energisbs. R54 opens bridge across test leads 60, 60'. 
Circuit 60 is extended to keep R30 energised. 

66. Impulse repeater .circuit. R66 energised. 

66. Slo'<^ release relay R66 energised. 

6f. Repeater condenser short-circuited. 

58V Circuit to line switch, which is energised to find an idle selector to further extend 
the line a#required. Further digit impulses are repeated to selector by relays IR and R15. 

-- When the caller replaces the receiver, IR, R15, and R66 de-energise and release the 
Connection. ' 

When calls are made in the reverse direction', relay IR', G', R56', and R66' operate 
in the same way as IR, G, R66, R66. < 

Connections t6 Distant Manual Exchange.— The first selector lifts the wipeA of 
the connector to the ninth leVbl, whiQ^tima^LjBptftain tWo grOups of trunks to different 
manual e^chanj|l6s? The extent of ea^f|jA\i^i9iMioated by the absence of connection to 
upper tect tonninal. *■ ^ \ 

To call the 8*ond groups thq'wiMM «rcf snpr^^^he fourth set on the ninth level. If 
the first trunk is engaged, tihe sidj^J^tohes are locWd;iUthe second position, and the wipers 
further Rotate to find an idlo truflli,?nj(tte m^^sr described for calling an.automatic trunk. 
The upper andiowej- contacts are^fonndetoerfs shown,, except the last. R30 is not energised,' 
^ the qBWt contlbct SC is not closeff for the niiitti level. , .. o 

i The ciller sends ad^onfcl <imii!i^|es'to nause ringing current to operate the indicator. 
Thp call is then extended manuahy in the'i^at-Wy. 

‘Subsfiribers ^Iho are entitled -fo free call*have their line switches connected throi^h a tone 
test *jnding, as pneviously described (circuit 7'). When answering such a caU the operatOT’s 
Set* is first bridged across the line.with a condenser ip. circuit to get the signal, the 
then being cut out^jo that‘the r«lay BB of Ae cpnnector is energised to cut ofit the signal. 
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POST OFFICE STANDARD DIAL, No. 8 
NEW PATTERN WALL AND TABLE INSTRUM^NO^ A. t- M. CO.,‘A. E. CO. 

convertib£e wall and table instrument, with * 

H.M,T. SIEMENS 

' AN IMPULSE EQUALISING DEVICE. At T.‘ M. CO. 

CONDENSER DEVICE TO REPEAT SENDER IMPULSEg. LAIDCAW 
AN IMPULSE CONVERTER. R. A. T. CO. 





Section 162 

OFMCE S'!'ANDARD*DIAL,* NO. 6 

• In oonnMtiou ^th this flevioe the Department has made.a yeiy important departure 
* point.ef jriew, ^^verydehu»blt is-bhtainS * • 

•.iL?* the practice to accept* di<ds.ofAfferent designs from various bann- 

V J?"t m an endeffvour to obtain uflifcJ^i^y of practice, simplification of stocks 

■«tod mamtemndb, one desijiA ha^been adopted as tt standard, which as known as “-T's-i 
A utomatic No. 8.” * • ' , . 

The dial is illustratefd in Pigs. 125 I 130 . 




‘.Dial 




Fig. ]25.- P.O. Staijdabd Diai,, No. 8. Front. 


Pio. 12 a.- 




-P.O. Standabd Dial, No. 8. 
Interior. 


•. , The present stond^-d 3-point fixing has been retained As will bg seen from Fig 125 
there IS a consj^able gap tetw^n the §nger hole 1 and tlje stop, to allow of an interval of 
time betwe^ th% completibn of the pull to the stop and the sending of tha first impulse • 
A rotetmg impose cam, with teeth controllihg the impulse springs; is usedrinstUd 
of a gea^ rotatog fibre segment opening the impulse springs.. The impids# elm is readUy 
removable, so that another cam with differently spaced teeth, to suit a particulas system 
can be inserted. , ^ ’ 

Prom the illustration of the rear. Fig. 127, it will bg seen tlmt the springs are assembled* 
^a umt, so that they can be rgmoved without the adjustments being disturbed. The clook- 
like ^ving spring is housed in a spring box situated uu^em^th the impulse cam. * • , 

Impulsing.—The impulses are produced by the impujte cam which' bper'atiiig in Con¬ 
junction with the impulse lever, causes the impulse springs to open* and* close Tll^ 
impulse^are positive and clean, and of ftniform* duration.* In other^tiialsthe impidses are 
pranced by the coataot springs being forced apart for tUe break, and tieu allowed to fall 
■together for |he make.. The latter opdtatioh results in til»atjon, the mlih bteik being * 

• ^ 


folibved by a of minute breaks, as^shown oSi an oaoilBojfram, 1S(^, - la a > 
,in which there {a oon^idetable indiKstanoe, the vibration |^ds to shorten the J)eriod’of mal^ 
%ut wherdfthere is oonsideriable ctipacity, audh as that due to a telephone condenser, the%lal& 
period is noi Shortened. ^ In thef Hew dial the oonta/t springs are norinallv beld together, and 
psumitted to fall^apart foe the break periM. In'this way vibration is diminsited, as Sho%n: 
in Fig. ISObI The lodgtbs of tixe p.'<lods of duske and break defend ujjoh tb.e,'widthTof the 
teeth of the cam. No ratchet' and raCchet^ wheel are now necessfiry. ', 



Fio. 127.— P.O. UiAi., Automatic, Xo. 8. Intbbiob. 
Hobizontau <Jkcj:ion. 


Fig. 128. — P.O. Dial, Autoeatic, 

j!70. 8. TB/NSyBBSE 8BCTIOII. 


A dial fitted with % standard cam‘sends ten impulses per second, the length of each 
break be^‘ 63*iialli8econda ^063 second), and of each make^7 milliseconds (-037 second). 
PaTiifl to^give otlfer ratios of break to magse can be fitted. 

Minimum Pause. —^TM§ is an arrangement by which a certain minimum time (about 
300 milliseconds) mast elapse after the release of the dial plate and the sending of the first 
impidse, to ensure that selectors ^ave Jime to jperform the^ hunting operation. Wit^J 
this facility it is^^sible whep dialling numbers, such ^ 1-1-1, fot the impulses to arrive 

brfore a free* ^electing s^tch hds been found. , . . i 

' ‘ This jminimujn pause is provided for Jjy the slipping cam fi^tted above the impulse 

caifi,«as shown in Fig.* 127. * • . , . i 

,. The function *of the slipping cam is to screen two of the gape m *he impulse cam, so^ 
that when*the*&al is actuated ahd relfeaeed,,a paufe, equivalent to two complete impulsee. 








tttde imp^8e*is sint, l^ug detfnitely pAvidimr the time rMuii** W » 

,y?««rtnlto&danidlel^^^^ , 

-Uieh^^^ “ dependent upon tne-pnoepnor-bronze epriag washer-, 

^eh provid^ salient fru^mn to ene^e «ati«faotory a<«on oauei^e^SS, 

• ..^TdpWa mide for the retention or.eliAinaticfil^of thk ftetlra as reqmred. iSuoh 

► • • • , 



• • 

Fig. 129. —P.O. Standard DAl, Xo. 8. Parts. 

ihangos are easily effected by altefing the position of the finger-stop ^nd fjie stop for the 
dipping cam. No additional imrts^are required, and extra boles are provide for the nuroose 
)f making the change. • , ^ 

Speed Control.—Tlxe governor is of the worm and woim-wheerty})e ,*80 proportioned^ 

10 give .jiniform control over a oonside^^able radge of speeds—from, 7 t» 14 impulses per 
lecond. It is difficult to accelerate or retard the diaf ser^usly. * . ^ 

•4cce««i6»'%.—Certain replacements and adjustments^ can be made'without i^moviag 
he dial fronr the telephone, or interfering with the runnin]j and* adjustments. * * 



^ ' ■ ' mmm '■ 

Upon remuv»M oi ipe we nng ancr mstrucnon latjsel, two ecr^-hea^S aife «y pa^ 
soiftw secures the foghr-plate^ the other isc the spring tension and stbp so^ew^ 
To ^ow j^e^dial to ran down, or to alter tfee spring tensjion, the stQp screw is shghtly^wit^-^ 
drawn out df engagement with tRe fixed stop (the sp^w may be pioved bc^sk only a few tums), 
wiien'any required alteraliops piay be made. * ' . • e 



Fig. 1?0.—Impui-se Oscilloukams. 

b 

'• c 

To tihange tjje enamelled nujmher ring, the centre screw W« taken out and the finger^plat^ 
Rftpd o£F. ‘Xhe iplpiber ripg isoheld ih position by a circular spring wiift, on removal of which 
th^ former can be ]iftbd out. ^ 

To change the impulse cam, main spring, or spring unit, or to make governor adjustments, 
the dial must be Removed from ^'^e telephone. After the removal of the finger-plate and 
aombercriQg, ^Ije whole of the interior is open for inspection, including the gearing, ^hich 
3onsists simply of a wheel and pinion, and tjie governor. 






isS?" * 


’ -JaaB'folliftirs;--- - ' 

,rOOBtaot pressure abnormal • . * . , . jt—- 

Tension to lift lover impulat^pring only Aunebonitlpip • '** 

• •• • ■ \ 

WCOMJH .yrtUg ...... . « 

F^OT .*of npjer impulse spring when “oontd^' close, “ • • 

• •ic- ®’ciistande between the end^of *he buffer and 
the ipapulse spring r^ V b 
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A W1£W DESIGN OF WALL AND TABLE INOTRUMENTS (A. E. CO., A. 

These are shown in Figs. 131 to 
134. The transmitter and cup assem¬ 
blies of the two instruments are inter¬ 
changeable. The mounting neck is of 
solid aluminium bronze, fimshed in 
black enanml. The. hinge, permitting 
of vertical mbvement only, is concealed 
in the transmitter cup. 

The pillar of the table set is now 
placed out of centre to give greater 
s)»bility, and protection to the dial. 

The receiver hook, and spring 
Slsenjbly aije lake interchangeable on 
both types of ipstsuments, a^id in the 
table set mayribe lifted 4 iifbhes clear, 
as shown in Fig...^l34, to allow of 
examination. In’ the wall instrument 
and bell-box for the desk set the bell 
gongs are placed in a lower chamber 
slotted to the otftside, as shown an 

132. All parts are readjjy de- 

^ble for examination and replace- Fxo. 't. m. <5o.)' 









jPecu^ 

BAITTIRY Arft> T. 


m 

i. 


ilrfre 


M t™ii«Med, Mid ma . <»rd Wem the tWininiJ Ijlook md tl» iiMniiw^ 

•' -t ’ ■• %.•'•■■ 



Jj^en used on automatic systems, ifis equipped yith a dial holder and aW switch 
dial ^rti^Tg the portion osaupigd f,v the 

To convert it from wall pattern to a table pattern, the nuts of the switnh 
teosened and the cr»(Ue rotated throqgh 90°. In the case of an automatic instrument tS 
SteWe“ ope ‘ slackened and the holder rotated, so thal the dial presents 

^ThisS'SrS'^'^d a st^l bas« 

m bq^k pl^ refwred to above fits into the lack oi the* base to which ft is seodred bv 
screw. This protision is made so as to permit'the.back plate to be secured to the-^ 
^^ttindepende^ly of the instrument (when fitted as a waU sqt). The back plkte iffseteured' 
^ Ahe wan by ^6 screws, which pass through twfl holes in cpnvenifint positions in the back 


91 ^; 




plate. Theq^ t'(^o holeft are ar{apged at the savte level in'otiid^ that tiiere ittey l)e^4U|i3K|P^|| 
in findiitg suitable ^sitions f(^ th6 wall plugs in briotwork. !^th plugn tnaj 
one horiapittal joint'e e «• « * • , , ' > v 

^ ^ ^ The baok plate is ^tad with fouiJEeet. Tlfese feet are of «oft rubber, a^neodMdty 
the-instrument is^ u^.as*a*tabk^^leply3ne. In fitting the Instrument ttb^.luie'sdreajitre; 
first brought up and clamped to tht base pl&te, and then connected, to tfaie fisrmiii^^I ^ke^' 
instrument when the lattOT is fixed. «••! * • * 

• When arranged for automatic Vorkng, the ^om^lete ■^ephone contains : maffieify' 





Fio. 136 .—Atttomatic Table Insteumbnt (Sixhbks). 


bell (1000 ohms),^nductlqn cfail wound with two windings of silk-covered wire to 1400 and 
17(}(^ turns toppibximate redstances of 17 ohms ancT 26 6hms respeotfvply), condenser 
(2 microfarad), hand mjcrotelephone of the intetchangeable capsule type, hand micro- 
teleph%n^ crai^e an(f switch, dial switch, dial switchhol^er and the necessary term in a ls 
and cards. 

I^and iftcrote/cpAone.—This has the capsule insulated from the frame. The connections 
of the fiexible f<jur-condlhctor cdrd are all located ip the transmitter .case. This greatly 
facilitates tHe changing of cords—generally a troublesome matter on hand miorotelephonoS", 
redacin^ the dtpt of mainteninbe^due to faulty cordsauacfoord isplacements. 

• The trantdliti^ (iS of*t^e interchangeable granular type insulated from the frame. 

'Che transAitteif mouthpiece is of ebonite, British Post Office pattern, and is fitted to a^ 
tr^nsnutter front Vhich is seoured in tiftn to the case by means of a bayonet joint. This 
obnstructiondicfe been found vdry durable. . a, 

Cr<tile»i^mtch. —switch is self-contained and easily ddjjisl^. All spiinga are^ 
piokelpilvwdtted wi;|di gold-ts^ver contacts: 








«*P««teao^ wittl tel^hoEiM used on antonifttio tlooi^ 

bd^s^ uiuntentionafly, due to the ao^dentai in(wam«ait.or^erkixjonhe qn^ 
,«|^^OTUig ^ ^nd'miorotel^one.. This causes an ^iitiohai impulse to !» so^to 
ilke^ohalige |witoU, resuldng ultimately a wrong coimlrtiqp * “ g« «> 

, In ^ overcome tUs tliffioulty, which is jiltrt^ly nDtiy»le sy^ms uiarf 
,haiMf^«r(«d^lione»^he raadle switch and'*a<fle,ai^onstrvcte(rm sdch a manner tl^t , 
i .® contact spBngs is delayed until tbc^^radle has completed the grea^ part 



of ite motion in either directioq, so that any slight or partial operatAn of thg»crddlS effects 
no change in the switch contacts. A complete movement musf take place jn one direction 
or the other before the switch contacts change over. , 

DM StOTfcA.-.Thi8 is of improved construction and provide#with a patent “ nunimum 
pause ” feature. It is often alleged as a disadvantage of “ step by step ’’automatic systems 
wfct da impatient subscriber can'diahso rapidly that a seledfUr, after having received ad ’ y * . 
may not have found a free link before the next digit inrpulses’areWt. ‘Unless Some pae* 
cation is taken, such oases are in fact liable to occur when ^aJling,all low digfts, espedaOy 
digit 1, and, of course, result in lost or false calft. For reliable opei^tioi^ it is xfbcessaiy 
dp allow sufficient tiipo for the selectors to hunt betweensany train of impulses and'the 
eaccedOing tnun. , 

To ensure'this, a “ minimum pause " deviod of extreme simplicity h«s been introduced 




in this dial nritoh producing a pause between ^aoh digit” unldiown to the SihbMiiljeor ai^ 
odf hi^^ opntrcM, andCffording a'^oertedn sal^^guard againht racing ^he switches. 

The^al switch^i% the sap^e for both wall and table tdephones. 

Dial Swiffh j?olde(.—^This is a bail and socket arrangement whi^ p^naift thf^dUd^: 
‘svHit^h to be set at tffie correct aniglj^ for dialUng when the ttidphone is'U 8 ed*’ 9 ther^ui a waH 
inskrument or as a tabie instrumei^. The jtlteration is made by ie)&a8u4;*'a i^n|df ^kkig: 
screw -^^hich is retightened after the dnV switch has been movefi to thie required ai^^. The 
dial switch need not be removed from the holder in making the change. • 

When no dial switch is fitted, k suitable cover plate is placed over the aperture. 

Circuit. —The circuit is^Hown diagrammatioalfy in Kg. 137.' The circuit is in princqtle 
that stanoardised b]| the British Post OfidcA for C.B. instniiftents ; bu* arranged with b 
hand microtelephoite and, when for*automatic working, with a dial switch. ^ 

When no di^ switch is fitted* terminal Dl is strapped to terminal D2 and terminal D3 
to teminal D4. <The conversion to automatic working is made by simply removing these 
two straps and* fitting the dial switch and cord. * 

Transmission. —^The design of the circuit and the electrical constonts of its component 
parts^are such, that the instrument is suitable for use and will give transmission equal to the 
standafd in volbme andaurticulation on all or automatic systems for which the standard 
instilments referred to in the>“ Transmission Efficiency ” clause below, are suitable. 

Eaeh telephone, IS suTtjec^d to the British Post Office standard “Transmission 
EffiStbacy ’’ test, which is as follows :— 

“ Instruments supplibd to this specification to be capable, when fitted witk a standard 
receiver, of trai^mitting^ commercial speech, equal ^to that of the Department’s standard 
C.B. wall telephohe over q circuit equivalent to 46 miles of ‘ test cable ’ (resistance 88 ohms 
and capacity ■054tmicrofarad per mile of loop) connected as shown in the/hagram and 
specification refepred to in clause 1 of the third schedule to an indenture dated t];ie 2nd o^. 
Februai^ 1905, between the Postmaster General and the National Telephone Co.’’ 

* Extension Working. —^The standaij^ telephone so far described can be used for siipple 
extension without intercommunication, the extension instruments being wired “ in puallel,’’ 
the main and extension using the same mduction coil condenser and bell. This arrangement 
is, of course, only suitable where the two instruments are close d)gether. Where a belj^' 
necessary to call the extension a slightly modified form is supplied. This .differs frofh the 
standard only in that the case fe piereed in two plkces (in the faont of th»tdlqphone on each 
side of the diat svitch) so^s to accom]nodate the k6ys for calling the extensions. Further, 
the wMn^ of^e teld^honc is slightly re-arranged so tha{ the requirements of different 
systen^ of extfusion working can be .met* with a minimum of interference with the con¬ 
nections. Prowision is m|ule for fitting one or two keys, as required, and these keys may be 
of the plunger or of the le^ type^hus providing for nqany different extension arrangements 
without the use o^ apparatus external to the telephone. 

> l^hen the extension conditions demand g6nerator% acfiitional bells, etc., a second oAb 
is»provid6d to aceomnmdate'these.* 

• ■ When the telsphonqs m'e required for non-extension use with the possibility of subsequmxt 
opmversibn to ^teq$ioh working, the instrument is supplied fitted with two small cover 
places on th« key piercings. These cover plates may be removed and keys added a^. 
required.* 

The standar(},instruiftent provides for^the fitting of an extension bell. 
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« 

AN. IMPtJLSE EOtJALI£I^{G DEVICE (A* T. Kk fiO.) 

iilipubea,are*<ilflt^ wd attoimatecf by ^he qoWtjT 
. vibrations are.'! Repeals and.other XrfespoSig de;ioeB . 

ftW mteftnedn^ points on trunks tc^iie^yor repeat the impulses, sothat thw 

^ sent forward agam m proper shape and at oorfesttntervals. , . . ^ 

I* sometimes happens thkt the sam? repeater* switching device wiflie used iu coat^eo- 

with trunks of difiEereht lengths. Kg. 138 shows pn arrii^ement df^gned to equalise 
«he impulse-ouiront strength so that it is of theSskme value whether the trunK is long o/short 
and wherejty the dial impulses are maintained pracficSUy uniform wW transmitted over, 
tounto of varying lengths. In a multi-office system this is*k matter of very great ini pnr t^r, «y 

The circmts are numbered as follows :— , ^ 

• • 1. R' energises when the receive* is lifted and completes circuits 2 and I 
,, 2. R2 energises if the line switch rests on ,an idle line. • * 

3. If the hne on wMch the line Switch wiper rests is busy, R2 is short-circuited and M2 
energises to find an idle line. R2 energises when‘an idle line is foui^. R' db-energisra. 

4. Calling line made busy over wire to connector terminals 

6 . Caller’s loop extended to selector-repeater. Impul* relay R8 energises. 

6 . Guard relay R6 energises. * ' 

7. Holding ciAuit of line switch. 

impulses are now sent and R5 d«-eiiergises and re-energiws according to the digit 


8 . VM8 energises and steps-up the shaft. 

, 9. glow R9 energises for the duration of the impulses. 

10. Rotary interrupter relay RlO energises. ' , 

11. RlO holding circuit. When the first digit is completed R9 de-energises. 

12 . RM12 energises and steps the wipers to th*e first set of terminals. Circuit 11 is * 
opened and RlO de-energises. • Circuit 12 is opened and RM12 de-energises. 

13- If thft,first line i^busy, RlO again energises to step the wipers to the next terminals. 

14. n the firstjine is*idle there is no short-circuit of R14 over the test circuit, and R14 
energises in sepfe mth RIO., RlO Hoes not energise. Circuit 8 is open ta out off the vertical 
magbet VM. 


16. R14 holding circuit. 

16. The selector-repeater is extended to th»connector. RM and RlB'^raergise 

16'. Neutralising winding of R31. * * * 

17. Guard relay Rl7 energises. ^ 

18. Connector made busy and R14 holding circuit completed. SAond, digit sent in 
aOd RS de-energises and re-enei^se^ 

19. R19. The two windings of this relay neutralise each oth^r. KW aj>d 

4e-energises wdth R5, and opens and closes circuit 16. 

20. no (slow) energises for the duration of the impulses, and short-cifcuits a*windiu 

R16' and R31. - * 


Bl&*esponds to the.impulses of R19. Relays 5 and lO/nay have to repeaji impwlses t« 
> short or a loil^ trunk. R19 therefore operate^fin a peculiv manner to the ' mp ulnnn 




aoifona. fmro wiadings of R19 oppose eaeh othet. oirouit is dosedt, RXffj 

eneiipseg^to dose the oqntaot (he>B wirp.' Circuit If is then dbjnpleted throuf^ loW!<S!' 


I * Soiactortt. 
Ra|Bry Line^iwr^, | 


Selector - RSbanter, 

--4,0-^ 


fi" •* m 






V ® i > - 7 ' -3m 

* *’ i * * 

X * Itmm at* »• ' » 



wining. NoF.ef the trunk lino is short (to rday R16), and therefore of low resistance, ^ 
heavy Tiuireqtswill flow throu^ the low resistance of Rl9, so that, when oirouit 19 ivi^iaia . 
opened the hwvy, ourr^t will.oause RlP'te de-energise quickly, so that tie impulses AM;; 








If tM trufik is loQg; andr therefore, of high resbCa^, tbh 
la ehipait 16 ^ be smallOT and B19 -will de-enojfgise mcH dowly %nddnoreate ^ lopgf^ dii^ 
.'the knpnlse. B19 thertsfore fi.utomatioa]jly adjusts itself toj^e tUye of the o«1^|(nag trank, ^ 
■'TlS wixfOing^ t£e^!irouitcl9 has more j^iups, so that the ouneft t£e wording m oinait.16 
is nevor strq^ enodgh to pretent B19 operating. * 

», •, 21, yM^f'eneigises and steps-up the &afl. . eneiigises' for Ihe duration si tn* 
limpuls^. • • ',Kf, 

22. Ifew okouit for VM*and B21^ circuit 2l*bei^ opened at ofi-normal contact on first 
step. After impulses B21 de-energises and opeiri circdiji 22 at 22'. 

Mnal digit impulses* , * . ’ ‘ 

23. BM23 rotates wipuis. R2£ energise for the duration. , 

24. If the called line is blisy R24 wiU energise ov& earth on the tAminal and busy ton», 

will be gfven in known gianner. • « * 

26. If the line is idle, R25 and' R26' will energise. 

26. R26' holding circuit. " • , 

27. Binging circuit. When called-recei'^er lifted B27 epera^. 

28. B27 holding dircuit. 

29. Called subscriber’s battery feed and back-bridge relay B^P energiSes. 

30. Connections of BIO are reversed ibo reverse the batt^ to the«epeatv, 

31. The currents in B31 now assist each other. 

32. B32 energises to .reverse battery to calling line. 

33. ifolding^circuit of connector, twp windings of B16 in sdKes. 

Both receivers are replaced to olwr« 



Section 66 

* € 

QPNDENSiptr DEVtf^ TO REPEAT r SENDER IMPULSE^ TO 
SWITqHES, LAIDLAW 


' Tile permissible'speed at i^bioh a'^ivding device may be operated isdimiii&d by>.%) 
required |or the positive working of thp si^tching apparatus, for this purpote^l^fiaake > 

s. ■ _ 13 _ 13 ^\^ 



• - • i;, 

^ • 

qnd break psricM^ of the impulse are of unequal duration, the nmvement of the switch wipers 
Iwing usually enegted during 4he longer of ^«se periods. 

The subscriber’s dial-sender is arranged to run at a constant speed and to contrd 
^neohanidhlly the duration oMach complete period, but the relative duration^ of the make and 
break period vstry ifl practice between wide limits by the distortion of the current impulses 


duetto ^e capacity, inductance, and imperfect insulation pf tEe linee^^ver which the impelseM* 
are jtonsmltt^ apfi the qpparStps aiitociated with the lines. 

* .^^e actual spe«d atttpned in'^ractice is considerably reduced by the effects mentioneid. 
The arrangementsshown in the diagram (Hg. 13^ is a means increase the pepussible 
raoge*nf speed |U]d tlie certaintji of Action of the switching apparatus by means which 
iQ^ider it( oper|r^n independent |o a large extent of^y adverse conations of the UsL«. v 
The anangem^ makes use ^ the ptopeity by which a condenser can be clSuged abnost 




di^rtion.of thft impulaep LVthe iL oondS^ 
oon^t^t ZS!*® *“! « e-teftt that the : 

fl.. impulses tronsnutted from the ^dbr are received by a relay for'examDle 

of dZStv’and “ posilibn coflrjects a oondenib to a sktable soured 

mitw oontr,l of aW selector ^h means for retrains 

d^tortion, to the ether sheeting devices uged in the setting up' 
of the wanted connection between two subscribers’ stations 

short i^idse comprisSs a 

short break and a long make period, the condenser being oharge’d during the break period, 

loM bZk ^ ™wpufies oompilse, 

Srh^V!? ““ f arranged so tBbt thd ij^dLer’ 

was charged during the make period. - ‘ ^ . 

Rrcf ***''* " bas caUea and that «io Toop % been exteflded to the 

first selector in a known manner. • 

The circmt8%,re numbered ih the order of operation and arenas follows •— 

1. When the receiver is lifted, relay3' is energised over the @ wire. 

2. Circuit over loop. • 

3. B«lay R3 energises, slow to de-energise. 

4. New holding circuit for the C wire. 

6. Relay R6 energised and opens circuit 1. 

First digit impulses. 

At the first bwk of the Ime by the dial, circui? 2 is opened and relay R de-energises, 
o. Condenser C6 in charging circuit. ® 

■^V *f the impulse, circuit 2 is completed and relay R' re-energises, and 

coitaects the charged condenser to relay R7, which is energised by^he discharee of the 
condenser fep^aadjusteyt^ and predetermined period of time. 

• 8. Short-circuit about relay R8, tirhich is now opened by relay R7. *[l«lay R8 mieririses’ 

m senes with relay R6. - ^ 

When the condenser has been discharged, rel^y R7 de-ehergises indoMndently of the 
condition of circmt 7. 


9. Magnet UI9 energises to lift the shaft one step.* Shaft uontact K' is then ^ned 

10. Short-circuit of relay R6, which is thereby made slow to i^ease and therefore 
wreimns energised during a traHn <4 implies. 

M relay R' de-energises and re-energises for each ImpwMe. tie aboTO^otiorfis reput^ 
and the shaft raised to the level required. * 

Relpy R7 is adjusted to hold its asmatuit in the attracted pesitioh only for a time 
, s^fcsient to assure that the armature of relay R5 will be retained during tha period in which 
1 «e% is short-oiroujted, and that the armature of masnet LM9 dan be Wly muI 

prepared for^nother step. ^ 



. Wbem nae^ impmse oi we tram Has t>eeip seat, rel&y Bj| remaioa «aei^sed 
Its shqrt-fl^mted, 8o*ths,t it de-^ei^ses ai)d opens oinnfit 9 to ouli off magnet LM9 and 
np the rot^pamagnet 

The wipers ^en search ^pr an idle trank in 'the group. 

■fj- Whpn an idle^e is found,rgla/Bll snergisps and opisne oiromC'9'to 6® ofl maioier 

BM9^ - 

12, The lower winding ol relay Kllf.is foiuieoted directly to Sarth, thereby'enatasins the, 
oaUed line. 

13. The loop is^extended to thcT next^ielector or conneotot, and relays corresponiidng 
to B' and B3 are enmrgised. 

At the next frain pf impulses, relay B7 bperates as described. Each time relay B7 is' 
energised it opens coCtact 13' to repelt fhe ifipulses to rday of the selected switch. 

14; .When the called subscriber'answeis, relay B14 is energised pver the B wire* 

^ 16, The short-circuit about the second winding of relay B14 is opened to balance the 
oirluit. • » 

r 4) . 

Belay B14 opens .circuits 6 and 6 to release relay B8, which prepares the release to be 
effected in known manner, t ' - ' 




section 67 

aV impulIse oo^rter (r. ik. t.' och) 

>#1^ dH'^OT"othOT * ^*1*“ Moused 

““’•» ““P"^ .rSSto,* *•”“>’ 

i» tiine oallra a selector,” *'"+ *’__ » ^. • . 

^elector.* It was them ’ 
nothing. I have taken * 



Pio. 140 .—As Impdme ComteAw* (R. A. T. Co.). 


Ij^use it cenverte a s^ of impulses into a circuit that will caU a line having that impulse 
0 (te. In the oSmmeTCl&l system a 100-line converter is used, in whiclr a wtrf inter-actina 

rlS^rXSel S.'^' '■"®‘ -P «“ •»• ““i *1»S the <Je„lt to e™S. 

The impd^ conve^r shown in the diagram (Fig. 140) is for a^,apacityA>f ^nWo fifteen 
1^8 but could probably be developed further. In its, presdbt form it jjilfht boused for 
e^l offices or for selectang groups of trunks. It is interesting m showffthe n^ber of 
hnw that may bp call^ by the manipulation of two wues and earth by th^Lmissidn of two* 
uupi^e operations only. This requires two \yires and earth or three wires. • 

If. e^ntocts K', K2, and KStoag be closed in any suitable way, as by l^ys K' and£2 
^ the impulsing contacts. A slow relay de-energise# after*the* emissiirrf.ole ' 

to the ^er conto^, except m the case of th« three last circuits <E, B, E), arhen^k 
t^SM^* impulses to give tiine for a slow-to-eneiwiBe relav ^R2fi) ' 


ContaotPK and ^2 are in the two wires of the line cii^uit. 






.TheoiT(nn^.furenTrail>eii«daBfol^^ — 

Gppt%^ K3 is siosed in a^smtable planner for & time suffioient to allow 
'‘eneigiie. . " 

1. R' energies when closed. 

^ R2 (slow to de-fsnergite^enoEjdB^. 

3f B3 energiBes.' 

K' opened and R' de-energises but .njot!R2<and B3. 

4=. R3 holding oireuit. 

5. B6«nergiBeS|^« 

R' again closed. 

6. R6 energised. ^ 

7. External appffratus may be energisediover line Ho. 1 
If K2 had beei^ closed in a manner simSar to K'. 

^8. R8 energised. 

'9. External apparatus on line 2 would be energised.*^^ p 

If K' and K2 had been cloBed together fcr the second impulse R6 and R8 would be 


10. energising cir^iit would be completed over line 3. 

11, If K2;closed^or the first imptdse Rll and R2 energise. 

If K' closes for the,secon(i impiilse. 

TSr £112 energises. 

13. R12 locking circuit.' 

K2 held open Q6 energises in circuit 5. 

14. Enefgising (irouit qyer line 4. 

If ^2 closed twioe, Rl2 and R8 energise. 

15. Energising circuit over lii^e 6. 

If K2 fs first closed, then K/ and K2 together, R12, R6, and R8 energise. 

K. Energising circuit over line 6. ^ 

If K' and K2 are closed together then K' closed, R', Rll, and R18 energise. 

17. Energising circuit over line 7 

18. R18 energises. 

19. R18 holding Circuit. 

If K' and K2 aretclosed t<%etiier, then K2 closed, R8 add Rl^nergise.^. 

20. Energisftg circuit oyer line 8. , * 

If K'tuiA are doled together twice, R6, R8, and R18 epergise. 

21. i^nergising circuit ovftr line 9. 

^ If K' and K2 are closod together once, and then released, R2 de-energises and Rl8 
energises.* 

22. Energising (&cmt over ime 0. 

■>If K' closed ofice, R2 de-enef^gites add R3 eilbrgises 
<23. Eiilrgising*oirguit*ovef line R. 

K2 cloEibd once, R2^ de-energises and R18 energises. 

24. ^ergisin^ cirjJuit over lime A. * • 

25. K3 is cl^BOd for a time sufficienl to allow B25 to energise. 

26. R24 epe^ses. 

27. R5 enecgisos. 



•I ^>$0 
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and be operated for oironitB 

•v*' 
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Tiip Pebl-Connbr Limb Switch 


* ^dephont Sniiriitn ahd JidmbtMratonmrt^cordialltt invited c 

* to write for irtfarmation to either of the addretses hereunder 


* • • ■* 

// m ^ Office & Work): • 

$T!)KE^ tOVENTRY, ENGLAND. 

T*laHisiiw|^*PRIIiai*Ok,’'CtlVSIirntY. 

' • *•' ’'tV. 


' London Office; e 

MAGNET HOUSE; KINGSWAY«*^ « 
LONDON, W.C. i* ^ j 

T«ta»hoiM; RCQCttT 706 a a ^ 

T«lMrrami: “ PBCLOONTIL, WIVTOENT/' I-OUcM. ^ 



vy^^tern EtecHric 

AUTOMATIC TELEPHONE SVSTE^^^%/ 

Manu&ctured by the Western Electrib Company Limi^d, the picAeers of 
the Telephone industry, these systems represent the product of over 40 years’ 
progreisive study in the science of Telephony.* Systeills can 1^ supplied 
to meet the demands of any particular service. The 47001 has been 
essentially for small prAratvinstallatibns. Majf we gArdVou further particulars? 

, Western Electric Compaba 

WNAVOHT HOUSE, . ’ AdWVCH W O i 

IMwraaui Bstraiid, London.” TotepboiMt SJlx 

NORTH WOOLWICH, , LONDON, B A 

Tototnu^Wootopbono, Phono, London.” • TaUakaoa. /... ' 


Totopbonot Con^l 7 J 4 S (* llnoo).. 

LONDtm 3. A. » 

Xblapbana: EnM 44*0 (l« llaa|i). 


«0 Aloonl NEW SOUTHQATB Mid #EXLBV MEATH. KENT. * % 

^ B8ANCHBS t*^Birnnnghmmf MancliMterp Cardiff, laattiaiiAoa 

• ^ Al*® •* JMii»apop^ Sydn^, Ayraa, Cdlro. It 








p 


^'utomartic Teletthpii'esI'" 


» • S 


Excb'^nges & Bquipm^M 


THP STANDARD 

of ffficleacy Is the ERICSSON 
st^nddpd—to Telephone Engineers 
'ihroughop.t fhe ,^orl^ we need 
nb more. 


siLECTdfR RACK A MULTIPLE fRAMB 




We have initialled, or are at present erect- ’ 
ing, Automatic Telephone Exchanges at 
the following places:—^ 

Rotterdam, South' Africa, Stockholm, 
Shanghai, Mexico, ChHstiansund, 
Kamar (Norway), Dieppe, etc. etc. 






wiyMif V' 


T^leas/i tet us have your^enquiries 
I)y leHer or ^cabj^e. * Address your 
specifications h :— 



THE BRITISH L. M. ERICSSON 

MANtlFACTlWHIO CO., LTD,, XELEF^AIori^WtAGJLT,'^ 
' 71. KINGSWAY, -I;.M. ERICSSON, 

LONDON, W.C.S. Qj^ & Works: STqpBie^ ’' 

Wpr^: BKSSTON. KOl'TS. ^ ^ 

CtbhAddreu: "ERicmoN»WMSTCKNT, Cable Addraw: ‘ Mnuiorcm, - 

C t LiOHdON.”' . Stockmoun.” av. . 

I 



















































. WOOL\itlC3i; LONDON^ 

f »«» '• m d 


Tthfkemx: " SIEMENS, WOOLWICH.' 


Telephone; C 73 '^. 6400 . 


TE 


‘ Aufloimti 


• * f r 

M.tiitufqcturers "of 


nTIa 


Contractors far , the 
supply and erection of 


'US 


-quriment. 


COMPLETE EXCHANGES 

for Public or Private service 
in all parts of the world.. 


TEi^PHONE & TELEGRXPfl-CABLfeS 

Aerial, Underground and Subnvarine. «. 


TELEORARH APPARATUS OVERHEAP EQUIPMENT 

ManuaUnd* » .for TeU^graph and 

^ftutpmatic. Telep^ne Lines. 


5 , JVIRES * 

Rubb#r-<qjfered, 

CQveret,' Ena^lh^;- ; 6 Jc^ 


p»imaSy- cells*- 

^ PATTERIB^^ 

and Diy. 





■ **' . %' By q/ft EWJ|L^** , 

V ; V , ’^*''*'**”' ‘‘■'**^*.’^*0 M . A » lili .* ' y *. , 

I*** on the subject to be puWiaM, and th* author is wthout doubt tlfc 

‘ ***® ^«c1^lS^s^eveloplnent and extensive use o&this ; 

. W provi^ng ^rel^ communicatidh over long distaiito. it is thcrdbre 

' fkj 1 “ ‘® intended tj group together slid record for pos^ty the history of 

k , *'^‘y"**"* and* the many forms which the machme has faSen shouldbt written by one 
_ who has j^n for so loiig»actuallf ponnectet ^fth jhe design and installation of so many of 

the stations 11] which the Potilsen are has been t^ prbmTnent feature. • 

Up to the present the interested reader has had to*rely upon articles in the technical 
^C98 or upon chapters devoted to the machine by the authors of wirel^ boolft; r This volume 
♦ however, is intended to give a complete idea of how the Poulsen Arc Generator works, as’welf . 
as to record, by means of copious illustratisns, the many forms Arhich different desieninu 
engineers have giveif to it. • * ^ • 

The bibliography covers all the importanf articles written upon the sibject, Shd is in ^ 
Itself a valuable work of reference to aid those who, nnt findipg sufficient detail in the ffook • 
itself, wish to go more deeply into the subject. \ * » * 

______ * _ * e * • 

^NB§T BENN LTD., 8 BOUFERIE ISTREET,^ E.C. 

— * ' r _ ^ 

ALI^RED GRAHAM &. COMPAI^Y 

^ SPECIALISTS in • ^ 

-Loud ■ Speaking^ JT elephony 

» :«V- ^ ^ --- 

GRAHAM’S NAVAL TELEPHONES • 

Adopted by the ^ ^ 

British Admiralty, mai^ Foreign Crovernmenits, 
and the principal Shipping Cpmpaniesi • 

%strument8 for Imaging fifcrther Otility iSetivices. . 

■ —--^- / ■ 

a THE WORLD’S ItaNDARD • 

AMPLION ‘ : 

#t^ELESS l-^OUp SPEAKER I . . 


AKDKEW’S WORKS,'tROFipii PARK, LONDON, S#. i 

-V . fc. -:_V_:_;_:__#___^_ ' ^ ^ 


• # 




^ECTRQlWAGNETiC fHEORii 

By . pLi HE^VlSlDEi- 

{loilbs^Kv MbUber o^HE.bjrarn^TioN cDr e!;,icTai^ Enomhcut. 

Demy %vo. Three vo/umei SStdmly in sets. ^s. the set,%. 

This greaWvork, wjiich lias long Been enprocurable a complete torn), 
has no)fr been reprinted in a sraalli,.«(^tion ofr 25 cS (K^jics. If an electrical 
engineer wants to i:onsult the rfFefcts jfccompanj^g the propagatipn d electro¬ 
magnetic wavfs, he cannot d& better than conselt “Electromagnetic Th&ry.” 
cThp matherltatician vill be gratified by seeing hoy., Bessel’s functions can be 
employed to .get the, exact solution of important physical problems. To the 
•wireless'electricihn the theory given—anj in particular that erf »the propagation 
of ‘plane and cylindjical waves through the ether—will directly appeal. The 
physickf<^i\\ find,Heavisidf’s disfussions of the theory of the electron invaluable, 
^d acknowledge of*thc Tattof is already^of immediate value to the engineer. 

l5r Eccles writes :—" M^st of the areas of electrical theory or of electric£ inventton that have been 
opened up di^ring the past quarter of a century are shown by the re-examination of thlM volumes to be 
indebted to Heaviside, at lb,.Bt in part, for their trUe expreHK»>. their explanation, the^etminblogy and 
fo^ulse, ^d eveni for the signposts on the tracks along which they •feve been explored. , . . Deep 
wiajloni resides in ev«y pufiffent phrase ^ea as in every sober rumSiatm. . . . ITte propagation of 
austric waves in frSe space, which forms the subject-matter of another section, is reduce^ %> plain 
language with a lucidity not ai^toadied by any other writer, and tiu methods and reasonioK here 
introduced form the best basis for tHb discutsianaof many Wveless pioblems. . . . He would b^ bold 
man who dare aver that any particular piece ofthe electrical theory originally developed in this work 
Would not find its applicatfon in his own generation. . , , The mathematical methods here ex plaineH 
are amazing and fascinating. . . . Hmviside's writings appeal to both the theorist aUd the technician, 
to the engineer and the mathematipiaai. Them Writings have, in truth, served , as the starting-point 
of innumoable successful voyages Of discms^''wd invention, and will serve (iinllarly for igany more. 
Foe all these reasons they possess, and ipuCT for long retain, especld value and fascination for fhoseample-, 
minded men who c^, at one ai]^ tile same time, adore theo^ and love practice." 


E’LECTRJCAL a^asurinC 
INSTRUMENTS: 


Th^r D^igif, •Construction, ati^ Application 
In tvfo vo/ames 

By/C.‘V. DRYSDALE, p.Sc., and A. C. J0tLEY 

Tyis ^^ORK; ft<*J«3'ivE P^^EPARATION 

~ 4 ' " ; "/.;... - . . . .M .l y 




i'V 

:r;-z 


.1.-; , ■: :\f^: 

X*:Fi^A Edhuiff. iim %V9r:^ ■ ^ce is. 6d. neL • ' 

• . y«y f.Hy ««ld.*i» 3 «,^ii,h Wl.p^«K lip. 

-^SsIS^^a^fesis^-r^' -r*-^ ■" V" 

. ■•■-•■. ^ *1; TJi^, . ■♦ * * 0 ' 

' -.; . ^ ■' ' H',---— V ^ i i i’i ' '' -——»-—ji— ^■" i , ■ 

ELEGTRIC SJVITQtf "AND ‘ * 

, * ' ^iQONTROLLlNG d|AR' 

Q.C- GARRARD, BIRD, ^I.E.K, A.Km.l.E.E, 

Second Edition, revised and e^larfid. Demy ivo. pages. * ' 
fViih ^2^ lliustrdtions. Ptiee toBnet. » ^ ’ * * 

«nfT«i u8«.of %^itehgear «nd switchboaW* in- 

« ’* practical standpoint, an# \^ 

^re of *“ ^ designers and inanufacflirirs, and particulariy to 


--- :• * ■ . 

A.f - w- - - - ■ ■ 

BLECTRICITY r|4ETERS: 

Thfir Construction Management 

W. -GERHARDI, SI 4 .E.E. * 

Second Edition, revised-find enlarged, • Denh ivo* <24 pa^. ■ 
t^th ^06 [^strations. PrkeMs.^et.\ a* 

enrineere, diatributioj} enfeineer8l,»nd studento. 
the first/dition was publish^ thwe haye iwn many addhioAs to the list of meterl and 

flithtfr snnflrstfift flnr -i _ ». __i .« •_ _ _f«„* taaa^ 


— M, .laivduuvMp uduiiiK ^uiL ronrpnase Mctcn 

mewupneia of polyp^ power, wWch has heen fouftd necMsary-owine t® tha 
madp m polype work. , *.5 y v»w 


. a bng.felc wiii 4 ; beauielrc’ 

ftMtact is fttllpmiMt with from an export point of view. . , . 
dUftH^ the latter belns very clear. One ttf Outefa 
tfluraiigemeitt af.A in«v 'department, teitinc circuit tyetemrd 

* Tbh pQpfci win preve of valitaMc amirtaned to cetttSS^it 


win prove of valitaMc aaiietane<fto centttil 
thedittribirtioQ oiwntat.''^£Ueifiif(ty. 0 
' ■ A valdabltSditlMtatiMefifUMer'itihinkry<— 


ilag a^i the dMign, oonftntctkA, and naliiAMnce of 
le work ii tlliiarMtoH^ ...tou __ 1_ ..a _'a.. 





' SYSTEM 

** * ' ‘ ft ’ * ''4 

3y ]. E. DI(fK, ^^Sc., MJX^r y JF;;*FERNIE,^AMJnstCE,^ 

Setoni Edititn^evUed \nd eH%md, %vo. 476 ^agei,„f^^hc/ 


-Thisedition has been entirely re'^d and^enlar^. The anthntptical examples pf lyig 
ap^cation o(each,pne of the, formula ^'tmains given in Partrl considerably enhSn^e ^ 
value of the bookjiDth to the mains engi^r, and general Student. An important featpre it 
the f&t that t|}^uthors h|ve,no| lost ^ht^of the<irequirements of -^e practical electrii^ 
engineer, . , . e ■ 

*' It to the best book on chosublrct known to us^. boln to the lieginncr and to the experienced engineci' ^ ItiUter aphem. 

whP requires a comprebe{|^vc Rnotadedge <^«}ectricJn]isfHh«tipp.'‘—7'A^ Ritetrfml Times. % 


i experienced engineci' ^ It^er aphei 


• * LOCi^LISATION QF FAULfS ,IN^ ELECTRIC 
' LIGHT AND POWER^MAINS 

^ r* ‘ * 

:^y F. G: RAPHAEL, M.I.E.E. 

* ^ C IT . 

^Thtrd Edition, ne4' impression. Demy 9vp. 2 xy pages. Price X2s. 6d. net. 

* In. sjfite of moderir defeBpn&nts, the accivste 'and speedy localisation of faults is still a 
•tt^attdl’ of importance, and thi8*t{vised edition^will be found a valuable help and guide to the 

'electdcgl engineer. . ^ « 


NOT^S "ON THEORY AND DESIGN" OF 

* continuous, current machines 

By STANLEY PARKER SMITH^ D.Sc., 

ARSISTAKT PKOPAsOR Ihf BLECTKIC||L mClNBBaiNG AT THE CITY AND CUILilS 
BNOl’tBBHINa COLLKBi MOUTH KBNSINCTOH. 

' •. Demy %vo. Price 5 J. net. ^ 

This book is not intended as a complete or exhaustive treatise, but emphasises points 
of fundamental importance to the dopier, manufacturer, and user dectrical generators 
and motors, • • 

A. AdmirAbte.*— 







